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Abstract.
The epidemiology of African swine fever in Cameroon.
by
N.F. EKUE
The epizootiology of African swine fever in the North West, South 
West and West Provinces of Cameroon was studied between 1982 and 1988. 
The enzootic area of ASF was determined using the data from a 
serological survey and interviews with pig farmers and it covered the 
southern parts of the N.W. and S.W. Provinces and all of the West 
Province except the districts of Malantouen and Massangam where pigs 
are not kept. The highest prevalence of seropositive pigs for ASF 
antibody was in the West Province where 10.2% of the pigs sampled 
between January-June 1988 were positive.
Restriction enzyme analysis and restriction enzyme site mapping 
of genomes of isolates from different parts of the enzootic area failed 
to distinguish between the 1982, 1985, 1987 and 1988 isolates but the 
1986 isolate differed from the others in two fragments occurring within 
the last lOKbp from the right terminus and another occurring within the 
central region of the genome (89-91Kbp). The restriction enzyme 
fragments of the genomes of the Cameroon viruses were similar to the 
West and South West African isolates from Senegal (Dakar/59), Zaire 
(Katanga/67) Angola (Angola/70; Angola/72) and Namibia (Namibia/86-1), 
and were also very similar to the recent European isolates from Malta 
(1978), Sardinia (1978,1982), Italy (1983), Portugal (1984) and Belgium 
(1985). In contrast, the Cameroon isolates were genetically very 
different from the East and South East African isolates from Tanzania, 
Malawi, Zambia and Mozambique. The genome of the CAM/82 isolate 
remained unchanged when the virus was passaged in either domestic pigs 
or PBM cultures.
The Cameroon virus isolates shared the same haemadsorption 
antigens with the recent European isolates and those from Angola and 
Namibia. They also produced the same lesions and clinical signs in 
infected domestic pigs which were similar to those produced by some 
recent European isolates when inoculated into domestic pigs.
No evidence for the presence of soft ticks of the Ornithodoros 
moubata complex was found during a survey of ASF carried out between 
1985 and 1988 in the West Province and southern parts of the North West 
and South West Provinces of Cameroon. The absence of warthogs 
(Phacochoerus aethiopicus) from these areas was also recorded.
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CHAPTER 1,
INTRODUCTION AND ASF REVIEW.
1.1 Introduction.
Cameroon is located in West Central Africa between latitudes 20°N 
and 13°N and longitudes 8°E and 16°E covering an area of about 475,000 
sq. km. It shares boundaries with Nigeria to the west, Tchad and the 
Central African Republic to the east, Northern Nigeria to the north, 
Equatorial Guinea, Gabon and the Congo to the south and the Atlantic 
ocean to the south west (Figure 1.1). Cameroon has a human population 
of about 10 million inhabitants (Anon, 1987) and about 67% of the 
population resides in rural areas where about 70% of the people are 
engaged in agriculture. The per capita gross national product (GNP) was 
^700 in 1981. Agriculture contributes 32.3% of the GNP and forms the 
largest component of it (Anon,1983). The livestock population includes 
approximately 4.5 million cattle, 2.5 million goats, 2.5 million sheep, 
11 million poultry, 62,000 Equidae and 1.2 million pigs (Anon, 1987). 
Almost all the meat and fish consumed in the country are locally 
produced. The northern half of the country contains all the Equidae and 
about 75% of cattle farming and small ruminant husbandry is essentially 
in the southern half of the country.
Pig farming is concentrated in the North West, West, South West, 
Littoral and Central Provinces (Figure 1.2). The West Province contains 
more than 50 per cent of the pigs and is the main area of pig 
production but the southern parts of the North West and South West 
Provinces are also important pig producing areas. These three provinces 
contain more than 70% of the national pig population.
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Before the outbreak of African swine fever (ASF) in 1982 the pig 
population was estimated at 1.47 million (Anon, 1981) and pork is the 
second most important source of animal protein after beef (Anon, 1986). 
The information on the pig owners and the pig population in the country 
is incomplete because most of the farms are not registered and the 
local breeds which form about 20% of the pig population are owned by 
villagers who do not keep records of them. Before the epizootic in 
1982 only 34 farms were registered in the West Province but between 
June and December 1982, 465 farms were known to be affected by ASF and 
these were only those farms that were reported to the veterinary 
authorities (Ekue and Tanya, 1985). The current number of pig owners 
and the pig population is not known even by the Veterinary Assistants 
in the various districts.
The majority of the pigs in Cameroon are exotic European breeds 
consisting of Landrace, Large White, Duroc, Berkshire and their crosses 
raised solely for commercial purposes under modern management 
conditions which include good feeding, housing and sanitation. A few 
farmers are known to feed their animals with waste food collected from 
hotels and restaurants and sometimes uncooked garbage either as a 
result of feed shortage or financial difficulties. About 20% of the pig 
population are of the local "African" breeds which are kept in the 
villages where they roam freely and find their own food. These pigs 
range in weight between 30-60 kg and usually have a dark coat colour 
with a long snout. They generally have a slow growth rate and therefore 
take a longer time to attain market weight compared with the exotic 
breeds and this is probably due to poor feeding. The exotic breeds are 
generally more susceptible to infectious diseases than the local breeds 
but because of their superior genetic traits, which include a faster
4
growth rate and weight gain resulting in an earlier attainment of 
market weight, better average litter sizes and little back-fat 
thickness, they are more suitable for commercial purposes. There are no 
government abattoirs for the slaughtering and processing of pig meat, 
so the marketing of pigs is handled by private individuals. However, 
the government plans to construct a modern abattoir in Bafoussam, the 
capital of the Vest Province (Anon,1986) (Figure 1.2).
About 70% of the commercial farms are distributed in the West 
Province and the rest are found in the other pig-producing provinces 
(Figure 3.2). The local breeds are found all over the pig producing 
area and are frequently seen in small groups in the villages. The 
marketing of pigs from the commercial farms is carried out either by 
purchase and collection from the farms or by selling the pigs in the 
large towns of Douala and Yaounde where pork is much in demand. The 
animals are sold to butchers and other middle men who slaughter and 
process the meat which is then sold in the supermarkets.
Pig production was increasing until 1982 (Figure 1.3) when the 
country experienced an epizootic of ASF for the first time (Ekue and 
Tanya, 1985). The socio-economic consequences of the epizootic were 
devastating, especially in the West Province (Nana-Nukechap and Gibbs, 
1985). The short term loss in revenue that resulted from reported cases 
in the West Province alone was estimated at US ^ 2.5 million. One farmer 
alone faced a loss of 436,000 from accumulated stocks of feed. At the 
time of the outbreak most farmers operated their pig businesses with 
loans from commercial banks and other sources. Compensation for pig 
losses was not paid to some pig owners who had not registered their 
farms nor to those who failed to declare their losses which made 
repayment of these loans very difficult.
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Figure 1.3 Pig population in Cameroon (1978-1987).
Data from the 6th Five Year Social, Economic 
and Cultural Development Plan, 1981-1986.
Ministry of Plan and Regional Development,
Yaounde, Cameroon, pp 83-100.
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Most farms were closed down when all the pigs had died and many of the 
employees were rendered jobless and feed producers and retailers were 
forced to reduce their labour force. Despite the compensation paid to 
some of the farmers by the Government for the losses they incurred in 
1982, they have been reluctant to return to the pig business. This 
situation was made even worse by the fact that some farmers in the West 
Province who tried to restock their farms in 1983 also lost their
replacement herds from ASF (Nana-Nukechap and Gibbs, 1985).
The Animal Research Station (IRZ), Mankon, Bamenda, (N.W. 
Province) and the Government Livestock Station, Kounden, (West 
Province), have played a major role in supplying young, healthy 
piglets to farmers. But IRZ Mankon was affected by an ASF epizootic in
1985 in which about 60% of the pigs were lost. The remaining pigs were
slaughtered and their carcases burnt. The piggery was cleaned, 
disinfected and left empty for a period of 6-9 months before 
restocking. The station presently carries out very strict zoosanitary 
measures in the pig section which include double fencing of the 
piggery, provision of a wheel bath for vehicles, provision of a
changing room with clothes and equipment for the workers in the 
section, the total separation of indigenous local breeds from the 
exotic European breeds and the prohibition of all unauthorised 
visitors. No further outbreaks of ASF have so far been reported in the 
station. The government proposes to expand pig production by creating 
two new breeding centres, one in the South West and the other in the 
Central Province, to increase the supply of young piglets to farmers 
(Anon,1986).
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ASF is presumed to be enzootic in the pig producing areas because 
it causes continual losses on restocked farms although these are not as 
high as was experienced in the virgin epizootic of 1982. In order to be 
able to improve pig production, it is vital to have a clear under­
standing of the epizootiology of ASF in the pig producing areas; in 
particular the extent of the enzootic area, virus types, properties 
and relationship between the prevalent strains,the prevalence of 
carrier pigs, vectors and reservoir hosts, so that effective control 
measures can be undertaken in future.
1.2 ASF Review.
1.2.1 Historical Overview and Geographical Distribution.
African swine fever was not recognised as a separate disease 
until the early 1900's when settlers in East and South Africa imported 
domestic swine of European origin and allowed them to range freely. 
The disease was studied intensively in Kenya Colony of British East 
Africa by Eustace Montgomery, the Chief Veterinary Pathologist at the 
time who first described it as East African swine fever. In his classic 
paper Montgomery (1921) described experiments involving nearly all main 
aspects of the disease and the agent, laying the foundations for the 
extensive research which was to follow; a summary of his findings are 
given in Table 1.1. He showed that the disease was caused by a virus 
and that warthogs (Phacochoerus aethiopicus) and bushpig (Potamochoerus 
porcus) probably acted as natural carriers, although the precise 
mechanism of transmission to the domestic pig remained obscure. He also 
investigated many of the physico-chemical properties of the virus but 
he failed to protect passively immunised pigs. Due to the striking 
similarity of the pathology of ASF and hog cholera (Classical swine
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fever), Montgomery incorrectly assumed that ASF was caused by a highly 
virulent variant of the swine fever agent.
Table 1.1 Contributions bv Montgomery on ASF (1921).
1. Documented a peracute disease with a mortality rate of 98.6% in 
pigs in East Africa since 1909.
2. Described the lesions of splenomegaly, haemorrhage and oedema of 
visceral lymph nodes, haemorrhages in the kidneys and left 
ventricle of the heart and pulmonary oedema.
3. Showed there was no protection from ASF offered by active or 
passive hog cholera immunisation and demonstrated that serum from 
recovered warthogs and bushpigs or surviving pigs did not protect 
from ASFV infection in susceptible pigs.
4. Showed that muzzling of susceptible pigs prevents transmission by 
contact with sick pigs and that short periods of time after the 
first 24 hours of fever will cause transmission to susceptible 
pigs.
5. Showed that warthogs and bushpigs could be subclinically infected 
and viraemic for several weeks but were unable to transmit the 
disease by contact, and demonstrated that cattle, sheep, rabbits 
and dogs cannot be infected.
6. Transmitted infection with blood that had been stored at 4°C for 
18 months and demonstrated that urine and faeces contain virus.
7. Showed that the virus was inactivated by heat at 60°C for 10 
minutes, 55°C for 4 hours but that heat-inactivated preparations 
were not effective as vaccines.
8. Reported that by preventing contact between the vectors of ASFV 
and pigs (e.g. by double fencing), the disease could be 
controlled.
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After Montgomery's publication the disease was later reported in 
other parts of Africa. The presence of ASF in South Africa was reported 
by Steyn in 1926 who described a clinical course and gross lesions 
identical to those of the East African disease in pigs (Steyn, 1928). 
He also noted that non-susceptible host species included the horse, 
goat, cat, guinea pig, dove, and mouse. He presented the first 
histopathologic description of ASF and emphasised the presence of 
haemorrhages and an infiltration of eosinophils in lymph nodes and the 
liver. He showed that surviving pigs remained viraemic for up to 2 
months after infection and that blood from clinically normal warthogs 
hunted in the area contained ASF virus. Because of the possible 
involvement of surviving carriers in the spread of the infection, he 
emphasised that the only means of combating the disease was through 
quarantine and eradication programmes (Steyn,1932).
The work of Montgomery and Steyn was reviewed by Walker (1933), 
who showed that when blood was stored at 4°C it remained infectious for 
up to 1076 days. Furthermore, he recognised that some isolates were 
less virulent than others and noted that although serum from immune 
warthogs or bushpigs did not protect susceptible pigs, pigs given ASF 
immune serum from survivor pigs survived challenge with virulent virus. 
He also demonstrated that immunity in surviving or passively protected 
pigs was protective against homologous ASFV challenge but that active 
immunity was not lifelong and could be overcome with a large inoculum 
of homologous ASFV. He found that killed virus vaccines did not protect 
susceptible pigs and strongly held the view that winged insects were 
probably important in the spread of the disease. His attempt to 
transmit the disease with lice (Haematopinus suis) was not successful.
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Based on the published literature at the time Geiger (1937) carried 
out a comparison of ASF and hog cholera and concluded that the 
diseases could be distinguished clinically by the peracute nature of 
infection and the absence of diarrhoea and oc^ular discharges in ASF. 
Lesions suggestive of ASF were splenomegaly, gall-bladder oedema, fluid 
in the body cavities and the absence of diphtheritic plaques on the 
ileum and colonic mucosae. He proposed a new name - African swine fever 
- which has become the accepted name for this disease.
While working with the virus in South Africa De Kock et al. 
(1940), like Montgomery (1921), wrongly believed that ASF was a 
virulent form of hog cholera. These workers found that the virus 
isolated in 1928 by Steyn was still infectious after 6 years storage 
at 4°C. They also observed that normal warthogs harboured virulent ASFV 
and outbreaks were linked to carrier pigs which were found to be 
viraemic up to 10 months after recovery.
Despite the diagnostic constraints at the time, Monteiro
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Conceicao (1947) asserted that the swine fever he observed in Angola 
in 1947 was a separate entity from hog cholera. He also suspected a 
role for insect transmission because the disease was spread between 
isolation pens. A less virulent form of ASF was later reported in 
Angola (Leite Velho, 1956) with lesions of a milder nature in infected 
pigs and a long incubation period. This less virulent virus was readily 
spread by the free range type of husbandry practised in Angola (Hess, 
1981) and was important in the establishment of ASF as an enzootic 
disease.
Since ASF was first described in Kenya in 1921 by Montgomery 
the disease has been reported in almost all the African countries 
lying on or south of the equator (Anon, 1962; Neitz, 1963) (Tables
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1.2 and 1.3). North of the equator one outbreak occurred in Algeria 
in 1939 (Donatien and Lestoquard, 1939) and a small number of cases 
have been reported in Senegal and Benin in the last twenty years. 
There was an outbreak in Sao Tome in 1980 (Lage et al., 1980) and a 
major outbreak in Cameroon in June 1982 in which almost 80% of the 
pig population was lost (Ekue and Tanya, 1985). Since 1960 the largest 
number of outbreaks of ASF have been reported in Angola and 
Mozambique. A smaller number have been reported from Malawi (Matson, 
1960; Cox and Hess, 1962; Haresnape, 1984) and South Africa (Pini, 
1978; Thompson et al.. 1981, 1983). Other countries in which ASF has 
been reported are shown in Tables 1.2 and 1.3.
In 1957 ASF made its first appearance outside the African 
continent (Manso Ribeiro et al.. 1958). It was diagnosed on a farm 
near Lisbon airport in Portugal, and although this first outbreak 
outside Africa was apparently eradicated, the disease reappeared near 
Lisbon in 1960 (Manso Ribeiro and Rosa Azevedo, 1961). From there it 
spread to Spain (Polo Jover and Sanchez Botija, 1961) and the Iberian 
peninsula has never been free of the disease since that time despite 
all efforts to eradicate it. However, the S.W. area of Spain has been 
recently declared free of ASF (Anon, 1988). The entry of ASFV into 
Europe naturally re-stimulated research into the disease. Malmquist 
and Hay (1960) devloped a relatively rapid and reliable diagnostic tool 
in 1960 when they found that macrophages from the pig bone marrow or 
pig buffy coat cells became coated with erythrocytes when infected with 
ASFV. This property of haemadsorption has since become the definitive 
laboratory test for ASFV isolation. Outbreaks in Spain began with high 
mortality but, with passage in the field, the virus became less 
virulent and produced subacute, chronic and subclinical infections
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(Polo Jover and Sanchez Botija, 1961; Sanchez Botija, 1962; Manso 
Ribeiro et al.«1963). Attenuated virus vaccines were developed and used 
in large scale field trials in both Spain and Portugal in the early 
1960's. However, the virus which was used in the vaccine was not stable 
and the trials resulted in the dissemination of a virus of reduced 
virulence which produced a wide range of syndromes from acute to 
chronic disease. Since that time, the predominant clinical signs of ASF 
have become less acute and consequently difficult to recognise (Sanchez 
Botija, 1982).
In 1964 the disease appeared in France and three outbreaks were 
reported between 1964 and 1974 (Larenaudie et al.. 1964; Gayot et al.. 
1974). An extensive outbreak was recorded in Italy in 1967 
(Mazzaracchio, 1968) with a recurrence in 1969. All these outbreaks 
were controlled by a rapid slaughter policy and the disease was 
eradicated. It occurred in Madeira for the first time in 1966 and was 
probably a direct introduction from Africa (Vigario et al.. 1970). An 
outbreak in Cuba in 1971 was controlled by the slaughter of over 
450,000 pigs and the disease eradicated (Oropesa, 1971). In 1980 ASF 
reappeared in Cuba and was again eradicated (Simeon, 1983).
The incidence of disease in Spain and Portugal increased between 
1977 and 1978 (Hess, 1981), and in 1978 the disease was diagnosed in 
Malta and Sardinia (Contini et al.. 1983) and was reported in Haiti 
and the Dominican Republic in the Caribbean (Reichard, 1978) and Brazil 
(Mebus et al.. 1978). The virus has been eradicated from Cuba, the 
Dominican Republic and Malta by a slaughter policy (Wilkinson, 1989). 
In 1983 ASF was reported in Italy on a farm near Turin, and was again 
eradicated by a slaughter policy.
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ASF is continuously entering new territory in Africa as shown by 
the outbreaks in Sao Tome (Lage et_al.,1980) and Cameroon (Ekue and 
Tanya, 1985) where the disease had never been previously reported. 
Recent outbreaks have also been reported in Europe with the last two 
occurring in Belgium (Biront et al.. 1985, 1987) and Holland (Anon, 
1986) (Figure 1.4).
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Figure 1.4 Occurrence of African svine fever (1978-1987).
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Table 1.2 The distribution of African svine fever, domestic pigs.
Ornithodoros moubata and warthogs in Vest and Central 
Africa.
Warthogs 0. moubata
Presence Infection Presence Infection
and (Virus or and (Virus or
No. of pigs ASF geographic antibody) geographic antibody)
Country. (10"3)a area. area.
Angola 475 + + SE & EC + +
Benin 620 + +
Burundi 80 + + +
Cameroon 1200 + + N - SW - SW
C.A.R. 371 + + +
Chad 12 + + +
Congo P.R. 45 + + + +
Guinea Bissau 290 + +
Rwanda 86 + + +
Sao Tome 3 (1979)+
Senegal 210 + +
Zaire 792 + + NE +
a = Animal Health Year Book (1987) FA0-WH0-0IE.
C.A.R. = Central African Republic; N = North; E = East; S = South;
W = West; + = positive or infected with virus or seropositive; - = not
present or uninfected or seronegative; ...  = no information; date in
brackets = date of last reported outbreak.
Table compiled from: Thomson, G.R. (1985).
Wilkinson et al.(1988).
Plowright et al. (1989).
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Table 1.3 The distribution of African svine fever, domestic pigs*
Ornithodoros moubata and warthogs in East and Southern 
Africa.
Warthogs 0. moubata
Presence Infection Presence Infection 
and (Virus or and (Virus or
No. of pigs. geographic antibody) geographic antibody)
Country. (10-3)a ASF area. area.
Botswana 9 + + N + + ....
Kenya 100 (1964) + + + + +
Madagascar 1361 - +   + NW ....
Malawi 250 + C +   + C +
Mozambique 155 + + + + ....
Namibia 47 (1986) + + N & C +  + +
South Africa 1455 + NE + NE + + NE +
Swaziland 18 - + - .... ....
Tanzania 182 + + + + +
Uganda 260 + + N & W +  + +
Zambia 221 + + + + +
Zimbabwe 180 (1977) + + + + ....
a = Animal Health Year Book (1987) FA0-WH0-0IE.
C.A.R. = Central African Republic; N = North; E = East; S = South;
W = West; + = positive or infected with virus or seropositive; - = not
present or uninfected or seronegative; ....  = no information; date in
brackets = date of last reported outbreak.
Compiled from the following references: Thomson, G.R. (1985).
Wilkinson et_al.(1988).
Plowright et al. (1989).
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The origin of the outbreak in Belgium was attributed to illegal 
importation of contaminated pig meat from Spain which infected a small 
breeding herd in West Flanders. The disease spread to four other 
fattening herds through movement of piglets before it was confirmed as 
ASF. Within 6 months the disease was completely eradicated by 
implementing a slaughter policy on infected farms, effective movement 
control, rapid and efficient tracing of movement of both people and 
animals and a thorough serological survey (Wilkinson, 1986).
1.2.2 Clinical disease.
Originally African swine fever caused a peracute disease and 
Montgomery (1921) recorded a mortality rate of 98.9% in outbreaks 
involving 1,366 pigs. But this dramatic picture has greatly altered 
since then, possibly by the selection of attenuated virus by passage 
in domestic pigs (Leite Velho, 1956). ASFV isolates showing a 
difference in virulence in natural and experimental infections have 
been described (Walker, 1933; Polo Jover et al.. 1961; Detray, 1963; 
Plowright et al.. 1968; Hess, 1971; Wilkinson et al.. 1981; Ekue et 
al., 1989).
Many types of syndrome are seen and for convenience clinical ASF 
is now normally described under four headings: peracute, acute,
subacute and chronic disease (Hess, 1981). In its peracute form animals 
can die without showing any clinical signs and although widespread 
haemorrhages are a common post-mortem finding, gross lesions may be 
minimal. With the acute form the first sign is a fever, with a rectal 
temperature above 40°C, which either remains high until death or falls 
below 38°C when the animal becomes moribund. Clinical signs appear 1-2 
days after the onset of fever and those most consistently observed 
include loss of appetite, incoordination and recumbency. Cyanotic or
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reddened areas may be found on the legs, belly and ears. Other signs 
which may occur are dyspnoea, vomiting, bleeding from the nose and anus 
and nasal and conjunctival discharges. Infected pregnant sows will 
abort. Death occurs 7-10 days after the onset of clinical signs, and 
the mortality rate may be as high as 100%. On post-mortem examination, 
there may be haemorrhages on almost every organ, especially visceral 
lymph nodes, with excess fluid in the body cavities and spaces. 
Generally, the distribution and frequency of these lesions are very 
variable and many of them also occur in other swine diseases.
Subacute disease is characterised by a more prolonged course with 
less characteristic signs. Animals can show a persistent or fluctuating 
temperature response for up to 20 days, during which time some pigs can 
remain alert and in good condition, while others display the symptoms 
described above but in a less severe form. Mortality rates vary and 
seem to depend on host factors such as the breed, age, and the general 
health of the pig. Abortion can be a common feature (Walker, 1933; Me 
Daniel, 1978; Manso Ribeiro, et al.. 1963; Schlafer, 1982) and may 
represent the only sign of the disease. The response of such isolates 
in domestic pigs is similar and post-mortem signs include those 
described in the acute form of the disease. Recent isolates which have 
fallen in this group have come from the Iberian peninsula, Dominican 
Republic, Brazil (Mebus and Dardiri, 1979), Malta (Wilkinson et al..
1981), and Cameroon (Ekue, 1984). Pigs which recover may become 
chronically affected or apparently healthy virus carriers.
Chronic ASF is extremely variable and may persist for many 
months, giving rise to a range of illnesses. Cyclic pyrexia is not 
uncommon and other symptoms include pneumonia, stunting, emaciation, 
arthritis and skin ulcers. Pneumonia is responsible for more than 50%
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of the mortalities (Pan et al.« 1975). When animals die, haemorrhages 
may again be the predominant post-mortem lesions, although fibrinous 
pericarditis and pleuritis accompanied by severe pneumonic changes are 
also common. Hypergammaglobulinaemia is often observed (Pan et al.. 
1970), probably indicative continued synthesis of immunoglobulins in 
response to persistent viral infection. Arthritis and skin ulcers have 
been associated mainly with the chronic disease that occurred in large 
herds of pigs that received modified live virus vaccines in Portugal 
and Spain during the early 1960s (Manso Ribeiro et al.. 1963; Sanchez 
Botija, 1963b; Nunes Petisca, 1965). Soft painless swellings over the 
leg joints (DeKock et al.. 1940; Pet ray, 1963) and in the skin of the 
ears (Canero et al.. 1977) are the usual joint and skin involvements 
that are likely to be encountered in chronic infections.
1.2.3 The Virus.
1.2.3.1 Structure: African swine fever virus is unique among mammalian 
pathogens in that the virions are large icosahedral structures which 
are assembled in the cytoplasm of infected cells (Breese and DeBoer, 
1966; Almeida et al.. 1967; Moura Nunes et al., 1977; Els and Pini, 
1977; Carrascosa et al.. 1984). The virus particles consist of a 
nucleoprotein core about 80 nm in diameter surrounded by a lipid 
membrane covered by a capsid. Extracellular virions have an external 
envelope, derived by budding through the plasma membrane, which does 
not seem to be essential for infectivity (Moura Nunes et al..!975 ), 
giving the particle an overall diameter of about 200 nm ( Breese and 
DeBoer, 1966; Haag et al., 1966; Moura Nunes et al.. 1975; Carrascosa 
et al.. 1984; Schloer, 1985).
The capsid of ASFV particles has a periodic structure (Almeida et 
al.,1967; Moura Nunes et al..1977: Carrascosa et al..1984) and consists
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of a hexagonal arrangement of capsomers which appear as 13 nm long 
hexagonal prisms, each with a central hole. The intercapsomer distance 
ranges from 7.4 to 8.1 nm with the triangulation number equal to or 
larger than 208 (Carrascosa et al.. 1984).
1.2.3.2 Structural proteins; The proteins induced by virus infection 
have been studied both in the natural host cells, porcine macrophages 
(Carrascosa et al..!978 ), and in monkey cells (Carrascosa et al.. 
1978; Tabares et al.. 1980a ) but there is considerable variation in 
the estimates of the number and molecular weights of ASF virion 
proteins. Black and Brown (1976) reported the existence of 5 major 
structural proteins (mol. wt. 125, 76, 50, 44, and 39 x 1000
respectively), a figure agreed by Dalsgaard et al. (1977), whereas 
Vigario et al.. (1977) reported 14 structural proteins.
However, recent studies by polyacrylamide gel electrophoresis 
(PAGE) of intra and extracellular proteins induced by ASFV have shown 
24 intracellular (Tabares et al..1980a. 1983; Schloer,1985) and 34 
extracellular virus proteins (Carrascosa et al.. 1985 ) with molecular 
weights ranging from 10 to 250 Kd. Twelve of the extracellular virus 
proteins are of host cell origin since they incorporate 35S-methionine 
when cells are pulse labelled and this process occurs as the virions
bud through the cell membrane (Carrascosa et al.« 1985 ). Radioactive
| fucose and glucosamine are incorporated into 3 (gp89, gp59, gp51) and 
32P into 5 (P80, P54, P34, P24.5, and P15) intracellular virion 
proteins. Extracellular ASF virus purified by Percoll gradient 
centrifugation contains no proteins larger than 150K and no
glycoproteins (Carrascosa et al..!985 ); glycosylated components of 
extracellular virus are of cell origin (del Val and Vinuela, 1987). 
Escribano and Tabares (1987) have identified and classified 44
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polypeptides as immediate early, early or late proteins by 
autoradiographic analysis of polypeptides separated by PAGE after 
infection of monkey kidney (MS) cells with ASF virus from Spain (E-70). 
By using inhibitors such as cycloheximide and phosphonoacetate, 
Urzainqui et al., (1987) were able to identify more proteins 
synthesised in ASFV-infected MS cells by two dimensional gel 
electrophoresis. These included 34 immediate early, 13 delayed early 
and 64 late polypeptides.
The protein composition of the different virion layers has been 
carefully studied, especially that of the external envelope, because 
of its potential immunological significance. Treatment of virus 
particles with 0.5% Nonidet P-40 and 0.05M 2B-mercaptoethanol produced 
noninfectious subviral particles (CORE I) that had lost some proteins 
and had an increased density on caesium chloride of 1.31g/cc compared 
with a density of 1.23g/cc of infectious virions (Black and Brown, 
1976; Tabares et al.. 1980a). In the presence of 0.5M NaCl, some 
additional virus proteins were lost, including the major structural 
protein with mol. wt. 73,000, resulting in CORE II structures 
containing at least 14 proteins (Tabares et al..1980a: Schloer, 1985). 
Polypeptide VP73 is located in the external layer of CORE I, and VP15 
and VP11.5 (Tabares et al..1980a) are easily released by detergents, 
implying that they are located in the external layer of the intra­
cellular virus.
1.2.3.3 Genome: The genome of African swine fever virus consists of a 
linear double stranded DNA molecule (Enjuanes et al.. 1976; Sanchez 
Botija et al.. 1977; Almendral et al.. 1984) with a molar mass of 
about 100 x 106 g/mol, a genome size ranging between 170-190 Kbp 
(Vinuela, 1985) and a density in CsCl of 1.700g/cc, which corresponds
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to a GC content of 41% (Enjuanes et al». 1976). Other properties of 
the molecule include a contour length of about 58 nm and a 
sedimentation coefficient of 60S. (Enjuanes et al.. 1976). 
Sedimentation analysis of ASFV DNA in neutral and alkaline sucrose 
gradients and analysis of the renaturation rate of intact DNA suggest 
the presence of one or two inter-strand cross-links in the ASF virus 
DNA (Ortin et al.. 1979). Intact, but not fragmented, DNA renatures 
very rapidly, implying that the number of cross-links per molecule is 
small. Furthermore, when ASF virus DNA is cleaved by a restriction 
endonuclease and the fragments are denatured and quickly renatured, 
only the terminal fragments become Si nuclease -resistant duplex 
molecules (Almendral et al.. 1984). This evidence indicates that ASF 
virus DNA contains terminal cross-links with properties similar to 
those present in poxvirus DNA (Geshelin and Berns, 1974; Baroudy et. 
al., 1982).
An electron microscopic analysis of the heteroduplexes formed by 
re-annealing denatured terminal fragments, after removal of the 
cross-links, showed the existence of inverted terminal and internal 
repetitions 2.7kb long. This was in the DNA of a Spanish isolate of 
the virus adapted to grow in Vero cells (Sogo et al..!984). The 
inverted terminal repeats are formed by repeats in tandem (Gonzalez 
et al.« 1986), which is another characteristic shared by the DNA of ASF 
and vaccinia viruses (Baroudy et al..1982). In contrast to ASF virus 
DNA, the DNA of iridoviruses such as frog virus 3 (Goorha and Murti,
1982), fish lymphocystis disease virus (Darai et al.. 1983) and Chilo 
iridescent virus (Delius et al., 1984) is circularly permuted and 
terminally redundant. These differences in the structure of the genome, 
which reflect the mechanism of DNA replication, suggest it is very
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likely that ASF virus DNA replicates by a mechanism similar to that 
proposed for vaccinia virus DNA (Baroudy et al..1982: Moyer and Grave, 
1981) rather than that proposed for iridoviruses such as frog virus 3 
(Willis et al.. 1985).
1.2.3.4 Classification: Although morphologically similar to and
originally classified with the Iridoviridae (Goorha & Granoff, 1979; 
Hess, 1981; Matthews, 1982), more detailed analysis has revealed that 
ASF virus resembles the poxviridae in several important respects. (See 
Figure 1.5 on comparison of vaccinia virus, ASFV and Frog 
virus 3).
ASF virus particles, like poxviruses, contain several enzymes 
required for DNA transcription (Moss, 1974; Dales & Pogo, 1981) and 
mRNA modification (Kuznar et al.. 1980 ; Salas et al.. 1981) which 
occurs before DNA replication. Late RNA synthesis, which occurs after 
DNA replication, is independent of the host RNA polymerase II (Salas 
et al.. 1988). In contrast, the presence of RNA polymerase in 
iridovirus is controversial (Goorha & Granoff, 1979) and the RNA 
synthesis in frog virus 3 - infected cells is sensitive to a-amanitin 
(Goorha, 1981).
These characteristics of ASF virus altogether exclude it from all 
the known families of viruses defined by the International Committee 
on Taxonomy of Viruses (Matthews, 1982) and following the proposal of 
Vinuela (1985) ASF is now considered to belong to a separate family of 
which it is the only known member and which has no name (Brown, 1986).
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VACCINIA VIRUS AS F VIRUS FROG VIRUS 3
D NA  S T R U C T U R E Unique sequence with Circularly permuted
hairpin loops and sequence with direct
terminal inverted repeats terminal repeats
VIRUS STRUCTURE Complex symmetry Icosahedral symmetry
Structural glycoprotein No structural glycoprotein
RNA SYNTHESIS The virion contains the 
enzymes required for 
mRNA synthesis
RNA synthesis is host 
cell RNA polymerase I  
-independent
Polyadenylated mRNAs
The virion does not contoin 
the enzymes required for 
mRNA synthesis
RNA synthesis is host 
cell RNA polymerase I  
-  dependent
No polyadenylated mRNAs
Figure 1 .5  Comparative properties  o f vacc in ia  v iru s , 
ASF v iru s  and frog v iru s  3 . Adapted from 
Vinuela (1985 ).
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1.2.4 Epidemiology.
ASF virus persists in many parts of Africa south of the Sahara in 
a cycle of transmission between warthogs (Phacochoerus aethiopicus) and 
associated soft ticks (Ornithodoros moubata. Hurray). There are reports 
of natural infection of warthogs from East Africa (Montgomery, 1921; 
Detray, 1963; Neitz, 1963; Plowright et al.. 1969a,1969b; Plowright, 
1977), Malawi (Haresnape and Mamu, 1986; Haresnape et al.. 1988), 
Zambia (Wilkinson et al.. 1988) and southern Africa (Thomson et al.. 
1980, 1983; Thomson, 1985). However, the virus has not been recovered 
from warthogs in West Africa (Taylor et al.. 1977) although the disease 
has been reported at long intervals in domestic pigs (Table 1.2). The 
virus is also harboured by bushpigs (Potamochoerus porcus) but with a 
lower frequency than in warthogs (Detray, 1963; Neitz, 1963). More 
recently examination of 11 bushpigs in Malawi did not reveal any 
evidence of infection by ASFV (Haresnape et al.. 1985). No disease has 
been reported in either of these species (Thomson, 1985). An early 
report of virus isolation from the hippopotamus (Hippopotamus 
amphibius) was not confirmed by extensive virological and serological 
investigations (Stone and Heuschele, 1965). Similarly, no confirmation 
has been obtained for the susceptibility of species such as porcupine 
and hyena, which utilise warthog burrows as refuges (Cox, 1963; 
Thomson, 1985). A single isolation from a giant forest hog (Hvlochoreus 
meinertzhageni) has also been recorded (Heuschele and Coggins, 1965a).
Neither direct vertical nor direct horizontal transmission of ASF 
virus between warthogs has been demonstrated (Montgomery, 1921; Detray, 
1963; Plowright et al.. 1969b; Heuschele and Coggins, 1969). Young 
warthogs are known to become infected from bites by infected ticks in 
the first year of life as early as the first trimester (Heuschele and
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Coggins, 1969; Plowright, 1981) and they show higher levels of viraemia 
than the adult warthogs. The distribution and quantity of virus in 
tissues in naturally infected warthogs in East Africa was shown to be 
quite constant (Heuschele and Coggins, 1969; Plowright, 1977). The 
virus was seldom found outside the lymph nodes and other organs such as 
the spleen, liver, lung, and kidney were always virus-free especially 
in older animals. The parotid and mandibular lymph nodes were the best 
source of virus in warthogs from the "Serengeti" region in Tanzania 
and Kenya in animals up to one year old, with the former being the best 
source of virus in older animals. But the bronchial lymph node was 
observed as the best source of virus in animals up to 12 months in 
Uganda; in older animals the parotid nodes were again frequently 
infected.
Within the tick population the virus can be transmitted 
transtadially, transovarially and transexually, usually from male to 
female (Plowright et al.. 1970a, 1974). Ticks may be persistently 
infected for periods of at least three years, during which time they 
remain capable of transmitting virus to pigs on which they feed 
(Plowright et al.. 1977). Generally, ticks become infected by feeding 
on young warthogs in which viraemia develops after primary infection 
(Thomson et al.. 1980, 1983). In areas of Africa where both warthogs 
and soft ticks are found, domestic pigs may become infected by eating 
infected warthog tissues or from bites by infected ticks (Plowright, 
1977; Thomson et al.. 1980). Once ASF is established in domestic swine 
the disease may be transmitted within the population by direct contact, 
consumption of infected pig meat or in fomites. It is by these means 
that ASF has become enzootic in some African countries and the Iberian 
peninsula (Wilkinson, 1984; Ekue and Tanya, 1985).
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Outside Africa, other wild species of Suidae have become infected 
with ASFV. The European wild boar (Sus scrofa ferus) has acquired the 
disease from domestic pigs, and its response to the disease has been 
clinically and pathologically similar to that of the domestic pig (Polo 
Jover and Sanchez Botija, 1961; Ravaioli et al.. 1967). In America,
feral pigs of the southeastern United States have been shown to be
highly susceptible to experimental ASFV infection with clinical disease 
similar to that of the domestic pig (Me Vicar et al.. 1981). The virus 
has also been identified from the argasid tick Ornithodoros erraticus. 
associated with pigs in Spain and Portugal (Sanchez Botija, 1963; Ordas 
et al., 1983). In the Americas some Ornithodoros species which do not 
primarily parasitize pigs have been reported as potential vectors of 
ASF virus. Experimental infection of 0. coriaceus with ASFV was shown 
using the Lisbon/60 isolate (Groocock et al.. 1980), the Tengani 
isolate, a tick isolate from Zimbabwe and the Dominican Republic 
isolate (Endris et al.. 1987; Hess et al.. 1987). Other American ticks 
which could be infected with ASFV included 0. Parkeri and 0.
puertoricensis (Endris et al.. 1987); 0. dugesii and 0. talaie (Butler 
and Gibbs, 1984; Hess et al.. 1987). In Africa, 0. savignvi was
infected with and transmitted a Maltese and Zambian tick isolate for 98 
and 108 days respectively (Mellor and Wilkinson, 1985). Therefore, it 
is important to consider the soft ticks of the Ornithodoros species as 
potential vectors of ASF in those areas where both the disease and 
ticks exist.
Mechanical transmission of ASF virus by the stable fly (Stomoxvs 
calcitrans) has also been demonstrated (Mellor et al.. 1987). The virus 
has also been isolated from the pig louse, Haematopinus suis. collected 
from infected pigs (Heuschele and Coggins, 1965b; Sanchez Botija and
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Badiola, 1966) and successful transmission of ASF virus by this 
arthropod was claimed by Sanchez Botija and Badiola (1966). However, 
many other workers including Heuschele and Coggins (1965b) and 
Kovalenko and Sidorov (1973) failed to demonstrate transmission by H. 
suis, although virus persisted in small quantities for about 24 hours 
(Heuschele and Coggins, 1965b). Many ixodid ticks have proved incapable 
of maintaining or transmitting ASFV to swine and these include 
Rhipicephalus simus (Plowright, 1977), R. bursa (Kovalenko and Sidorov, 
1973), Amblvomma variegatum (Plowright, 1977), A. americanum and A. 
caiennense (Groocock et al., 1980). The Auchmeromyia larvae or the 
"Congo Floor Maggot" which engorge frequently on warthog or domestic 
pig blood and are commonly found in warthog burrows or their resting 
places in culverts (Boreham and Geigy, 1976) were always negative for 
ASFV (Thomson, 1985). Mosquitoes (Anopheles sp.) and a "gadfly" did not 
transmit the virus experimentally (Kovalenko and Sidorov, 1973) and 
Culicoides species, Simulium species and fleas failed to transmit ASF 
virus (Thomson, 1985). It was also observed that a blood-sucking mite 
from the U.S., Triatoma gerstaaekeri. retained ASFV for 4 days but did 
not transmit it to pigs on feeding (Hess et al.. 1987).
1.2.4.1 Molecular epidemiology. It is important in epizootiological 
investigation of enzootic virus diseases to be able to distinguish 
between closely related strains of virus but in the case of ASF virus 
distinct immunological types have not been demonstrated using standard 
laboratory methods. This failure to differentiate between isolates has 
been attributed to the lack of neutralising antibody in pig sera, the 
virulence of most ASFV isolates for pigs and the variations experienced 
in protection experiments. Both radioimmunoassays and enzyme-linked 
immunosorbent assays have been shown to detect ASF virus specific
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antibody (Crowther et al.. 1979; Wardley et_al., 1979) but none of 
these assays are of functional importance in terms of distinguishing 
between virus isolates. However, the haemadsorption inhibition (HadI) 
test has been used to distinguish between some isolates of virus 
(Vigario et al.. 1970, 1974) but this test has its limitations in that 
the non-haemadsorbing isolates of ASFV (Coggins, 1968; Vigario et al.. 
1974; Pini, 1976; Thomson et al.. 1979) cannot be differentiated by 
this method. While monoclonal antibodies have been produced and can be 
applied to this problem (Whyard et al.. 1985; Garcia et al.. 1986; Pan 
et al.. 1988; Santurde et al.. 1988) they are not sufficiently 
sensitive to pick up minor differences between strains. However, with 
the recent availability of restriction endonucleases for establishing 
differences between double-stranded DNA molecules (Smith and Wilcox, 
1970; Kelly and Smith, 1970; Nathans and Smith, 1975), a new method for 
epizootiological investigations has been developed.
Muller et al. (1977) used the restriction enzyme analysis of 
virus DNA to identify and classify poxviruses. They selected four 
viruses of the genus Orthopoxvirus with different degrees of biological 
relatedness, as well as fowlpox virus of the genus Avipoxvirus with 
clearly distinct biological, chemical and physico-chemical 
characteristics from Orthopoxviruses (White et al.. 1968; Mayr et al.. 
1972). Rabbitpox, vaccinia, cowpox and ectromelia were shown to be more 
related to each other while fowlpox virus was genetically different 
from all the others.
Using these enzymes it is now possible to distinguish between 
strains of capripoxvirus, a procedure which was previously impossible 
by standard laboratory tests, even when the behaviour of these strains 
in the field has clearly been different (Kitching and Taylor, 1985).
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Black et al* (1986) have compared the DNA fragments generated by Hind 
III restriction endonuclease digestion of twelve field and vaccine 
strains of capripox and were able to distinguish between them. 
Subsequent studies on seven of these strains (Gershon and Black, 1988) 
emphasised a high degree of nucleotide sequence homology, shared by all 
the strains of capripoxvirus. Some of the genome characteristics were 
used by Black et al. (1986) and Gershon and Black (1988) to place the 
strains into groups which were correlated with the species (cattle, 
sheep and goats) from which each had been originally isolated.
The bovine herpes virus 1 group (BHV-1), also known as the 
infectious bovine rhinotracheitis-infectious pustular vulvovaginitis 
(IBR-IPV) virus, which was formerly defined mainly by clinical and 
immunological criteria (McKercher, 1973; Straub, 1978), has been 
characterised more precisely by restriction enzyme analysis of viral 
DNA. With this approach two major virus types have been defined (Engels 
et al.. 1981; Ludwig, 1983, 1984; Misra et al.. 1983; Nettleton et al.. 
1984; Pauli et al.. 1984), the "Cooper-type" or "IBR-like" and the 
"K22-type" or "IPV-like". Further work on the comparison of eleven 
European isolates of BHV-1 by restriction enzyme analysis with Hind III 
showed that the strains could be assigned to one of these two major 
virus types (Metzler et al.. 1985).
Equid herpesvirus I (EHV1) is an important cause of both acute 
upper respiratory tract infections and of contagious virus abortion in 
horses (Bryans, 1968). Independent studies carried out by Sabine et al. 
(1981) and Studdert et al. (1981) showed that the restriction 
endonuclease cleavage patterns of six EHV1 isolates from horses with 
respiratory disease, while generally similar to each other, were 
entirely different from those of nine EHV1 isolates from aborted equine
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foetuses or perinatal foal mortalities and the latter fingerprints were
generally similar to each other. Turtinen et al. (1981) working with
five other EHV1 isolates also confirmed the existence of two distinct 
DNA restriction enzyme fragment patterns. Similar results were also 
recorded by Studdert (1983) when he carried out restriction enzyme
analysis of DNA samples prepared from 43 EHV1 isolates collected from
horses with respiratory disease, aborted equine foetuses and from foals 
that died soon after birth. He observed that the respiratory disease 
isolates, R strains, were completely different from the foetal or 
perinatal foal isolates, F strains. His findings also correlated well 
with the epidemiological patterns of the diseases, particularly in 
Australia, where the R strains were responsible for naturally occurring 
respiratory disease while major epizootics of abortion and of perinatal 
foal mortality were caused by the F strains. In a restriction 
endonuclease analysis involving 297 field isolates, Allen et al (1983) 
observed two markedly different DNA cleavage patterns, which they 
designated subtypes 1 and 2. The majority of the 25 respiratory tract 
isolates possessed subtype 2 DNA fingerprint patterns, and all but one 
of the 272 foetal isolates exhibited the subtype 1 fingerprint type. 
They also showed that the 3 groups of equid herpesviruses, the 2 
subtypes of EHV-1 and members of the group of slow growing EHV-2 
viruses, can be readily identified by their distinctive and 
characteristic fingerprint patterns with a single restriction enzyme.
Restriction endonuclease analysis of Aujeszky's disease virus 
(ADV) genome has been used to differentiate between ADV isolates which 
could not be differentiated by other techniques (Gielkens and Berns, 
1982; Paul et al.. 1982; Geek et al.. 1982; Ludwig et al. 1982). Pirtle 
et al.. (1984) used the method and DNA hybridisation to evaluate
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genomic differences between ADV isolates from animals with naturally 
occurring Aujeszky's disease in states from Georgia to California and 
from Arkansas to Minnesota to determine the relationship between 
viruses within and between states and to closely examine isolates with 
different restriction enzyme patterns. The results indicated that there 
are numerous genomically different ADV isolates currently circulating 
in the U.S.
On the basis of restriction enzyme analysis of virus DNA, the 
genomes of ASF virus isolates from domestic pigs in Europe have been 
shown to be closely related to each other (Wesley and Tuthill, 1984; 
Vinuela, 1985; Wilkinson and Dixon, Unpublished results) and also the 
European isolates are closely related to isolates from outbreaks in 
domestic pigs in the Caribbean and to the isolate that caused the 
epizootic in 1982 in Cameroon (Wesley and Tuthill, 1984). In contrast, 
African isolates of ASF virus collected from various hosts and from 
different geographical locations are genetically distinct from each 
other (Wesley and Tuthill, 1984; Thomson, 1985; Dixon and Wilkinson, 
1988) and are also different from the Caribbean, the Cameroon/82 and 
European isolates (Wesley and Tuthill, 1984).
1.3 Aims of the Thesis.
Since 1982 ASF has been a major problem to pig production in 
Cameroon because outbreaks have continued to occur, mainly producing 
low mortality rates and giving rise to recovered carrier animals. Such 
pigs could well serve as potential sources of new infections in the 
susceptible herds. The Government has plans to carry out a project on 
the control and eradication of ASF in the country (Anon,1986), but in 
order to achieve this goal knowledge of the epizootiology of ASF in 
Cameroon is essential. At present there is little detailed information
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about the relationship between different virus isolates and none about 
the presence and distribution of vectors or reservoir hosts, including 
carrier pigs.
The aim of this project is to provide a clear under-standing of 
the epizootiology of ASF in Cameroon and will include:
1. A serological survey of antibodies against the virus in order to 
determine the prevalence of carrier pigs.
2. Characterisation of virus isolates from outbreaks in different 
parts of the country to determine whether the enzootic state of 
ASF is due to re-infection of herds with the same or different 
strains of the virus.
3. Comparison of virus isolates from Cameroon with those from other 
African and European countries to determine the pathological, 
serological and genomic relationship between them and thereby 
determine the possible origin of the Cameroon virus.
4. A survey of the presence and incidence of soft ticks (O.moubata) 
in pig pens and warthogs (Phacochoerus aethiopicus) in the pig 
producing area in order to determine the role of these reservoir 
hosts in the spread of ASF.
5. An investigation of the influence of passaging the virus in pigs 
and PBM cultures on the genetic stability of the virus.
This project necessitated a field trip to Cameroon between December 
1987 and July 1988 in order to collect serum and infected tissues from 
pigs, to conduct interviews with pig farmers and Veterinary Assistants 
and to carry out a survey for the presence of soft ticks (0. moubata) 
and warthogs in the North West, South West and West Provinces of the 
country.
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CHAPTER 2 
MATERIALS AND METHODS.
2.1 Preparation of primary pig bone marrow (PBM) cultures.
Washed cell suspensions were prepared from the long bones of 2kg 
Large White/Landrace pigs about 3-4 weeks old by the method described 
by Plowright et al. (1968). This essentially consisted of removing 
flesh and cartilage from the bones and chopping them into small 
fragments which were shaken on an orbital shaker (Luckham, Rotatest 
Ltd.) with about 250ml of wash medium (Appendix 2.1) for 75 minutes. 
The larger pieces were removed by filtration through muslin and the 
remaining cell suspension was centrifuged at 580g for 15 minutes. The 
cell pellet was resuspended in fresh wash medium, centrifuged again 
and the cells resuspended in 100ml of PBM growth medium (Appendix
2.1). A cell count was made from a sample diluted 1:100 in 3X acetic 
acid and the volume of the suspension was adjusted to give a 
concentration of 107 cells per ml in PBM growth medium. Cell cultures 
were established in 125mm X 15mm glass tubes seeded with 1.5ml of cell 
suspension and incubated for 3-4 days at 37°C in stationary racks.
2.2. Viruses.
The virus isolates used were from the stock virus collection of 
the Department of Experimental Pathology, Pirbright Laboratory, (Table
2 .1).
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Table 2.1 ASF virus isolates from Europe and Africa used in
restriction enzyme analysis.
Europe
Isolate Area Year Passage historv
Lisbon/57 Portugal 1957 BC4.P2 from Portugal.
Lisbon/60 Portugal 1960 PBM2 from Portugal.
Malta/78 Malta 1978 Pig passl of original LN
Sardinia/78 Sardinia 1978 PBL 4
Sardinia/82 Sardinia 1982 PBL 3, pig 1
Italy/83 Cavallerleone 1983 1st pig pass
Montijo/84 Portugal 1984 2nd pig pass
Belgium/85 West Flanders 1985 Buffy coat l(pig pass 1)
Holland/86 Near Hague 1986 Spleen (pig pass 1)
Africa
Isolate Area Year Passage historv
Dakar/59 Dakar, Senegal 1959 Spleen
Katanga/67 Zaire 1967 No information.
Angola/70 Luanda 1970 3 pig passes.
Angola/72 Luanda 1972 No information.
Mozambique/79 Mozambique 1979 No information.
Malawi/84 Mchinji 1984 1st pig pass
Namibia/86-1 Omaruru 1986 Buffy coat pass 2
Tanzania/87 Mbeya 1987 2 pig passes.
Zambia/87 Nayamuseta 1987 1st pig pass.
Other virus isolates were obtained from spleen, blood and 
serum of infected pigs from different areas and at different 
times in Cameroon (Table 2.2).
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Passage historv 
2nd pig pass.
1st pig pass.
1st pig pass.
1st pig pass.
1st pig pass.
2.3. Isolation, cultivation and assay of viruses.
Virus was isolated from infected tissue by grinding about lgm of 
tissue mixed with sterile sand in a mortar. About 10ml of PBS was added 
and the homogenate was clarified by centrifugation at lOOOg for 4 
minutes. The supernatant was stored as a 10“1 dilution of the original 
tissue. Tissue suspensions, blood and serum from infected pigs were 
assayed by making 10-fold dilutions and inoculating the PBM tube 
cultures in triplicate each with 0.33ml of each dilution. The tubes 
were then left in stationary racks for 3 days at 37°C and the presence 
of virus was determined by observing haemadsorption by daily 
examination of the tubes (Malmquist and Hay, 1960). Five days after 
inoculation 0.2ml of a IX suspension of homologous washed pig 
erythrocytes in PBS was added to each tube and the final reading made 
24 hours later. Virus titres were expressed as log10 50% haemadsorbing 
doses (HAD50) per ml calculated by the method of Reed and Muench (1938).
Table 2.2 ASF virus isolates from Cameroon.
Isolate
CAM/82
CAM/85
CAM/86
CAM/87
CAM/88
Area Year
Guzang, N.W. 1982
Province.
Mankon, N.W. 1985
Province.
Limbe, S.W. 1986
Province.
Bafoussam, 1987
West Province.
Bandj oun, 1988
West Province
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All samples containing virus were stored at -70°C until required.
2.4. Indirect ELISA for the detection of ASF virus-specific
antibodies.
2.4.1. Preparation of the antigen for ELISA.
The method used for the preparation of the ELISA antigen was 
that described by Tabares et al. (1981) but with some modifications. 
Seed ASF virus (Attenuated-Uganda) was cultivated in BHK 3P cells in 
one litre plastic roller bottles (FalconR) and stored at -70°C.
For antigen preparation confluent monolayers of BHK 3P cells in 
roller bottles (FalconR) were infected with 20ml of the seed virus and 
incubated at 37°C for 4-7 days. When the cytopathic effect (cpe) was 
between 80-100% the cultures were harvested and pelleted by 
centrifugation in 1 litre bottles at lOOOg for 30 minutes at 4°C. The 
cell pellet was resuspended in 20ml growth medium centrifuged at 
30,000g for 90 minutes at 10°C, resuspended in 5ml PBS and stored 
overnight at 4°C. The suspension was loaded onto a sucrose step gradient 
prepared with 7ml each of 65% sucrose (w/v) and 25% sucrose (w/v). The 
gradient was centrifuged (105,000g, 70 minutes at 10°C) and the band 
at the interface of the 25% and 65% sucrose was collected and diluted 
in three volumes of PBS. The suspension was then centrifuged (200,000g, 
70 minutes at 10°C) and the virus pellet resuspended in 5ml of antigen 
diluent (Appendix 2.2), 25ul 1% Nonidet-P40 (Sigma) and 13ul of 
B-Mercaptoethanol (Sigma tissue culture grade) and left at room 
temperature for 20 minutes. After centrifugation (85,000g, 70 minutes 
at 10°C) the supernatant antigen was stored in 2ml aliquots at -20°C 
until required.
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2.4.2. Indirect ELISA.
Polystyrene ELISA plates (NUNC Immuno-plate 1, Inter Med, 
Denmark) were used throughout. Using a working dilution of 1:2000 for 
the Protein A (PA) conjugate (Appendix 2.2), optimum dilutions of both 
antigen and reference antisera for the test were determined by a 
two-fold chessboard titration in an indirect ELISA (Figure 2.2). The 
antigen was diluted in a two-fold dilution series in 
carbonate/bicarbonate buffer (Appendix 2.2) and lOOul of the diluted 
antigen was added to each well of a microtitre plate and stored 
overnight at room temperature. After washing the plate four times with 
phosphate buffered saline (PBS) (Dulbecco's modification; Appendix 2.2) 
50ul of each reference antiserum diluted in a two-fold dilution series 
in PBS/0.05% Tween 20/1% MarvelR were dispensed into each well following 
a plate plan as shown in Figure 2.3 and incubated at 37°C for one hour 
on an orbital shaker (Luckhams, Rotatest). The plate was washed four 
times with PBS and 50ul of a 1:2000 dilution of PA conjugate was added 
to each well and incubated at 37°C for one hour. After a final wash 
with PBS, 50ul of the substrate solution (Appendix 2.2) was added to 
each well and the reaction was stopped after 10 minutes by adding 50ul 
of 1M H2S04 to each well. The optical density (0D) values were read in 
a multichannel spectrophotometer (Titertek Multiscan, Flow Laboratory) 
at a wavelength of 492nm. From the results the optimum dilution of 
antigen for the ELISA was shown to be 1:200 while that of the control 
serum was determined to be 1:30 (Table 2.3). The test was carried out 
as described by Sanchez Vizcaino et al.. (1983) and the protocol is as 
shown in Figure 2.1.
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1 Antigen adsorbed to plate
wash
2 Add serum : any specific antibody attaches to antigen
wash
3 Add enzyme labelled antiglobulin which attaches to 
antibody
wash
CH
4 Add substrate
Amount hydrolysed 5 amount antibody present
o  o0 o 
O «•*?«>o *  v* o
Figure 2.1 The indirect BLISA for assay of antibody. 
Adapted from Voller et al. (1979).
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The optimum dilutions of the antigen, the reference antisera and 
the conjugate were used in an indirect ELISA to detect anti-ASF virus 
antibody in serum samples obtained from pigs in the pig-producing area 
of the country. This procedure was essentially as described for the 
determination of optimal antigen and control serum dilutions. Volumes 
of 50ul were used throughout the test and samples were incubated at 
37°C for one hour at all stages on an orbital shaker (Luckhams, 
Rotatest). Test serum samples with O.D. values greater than twice the 
mean O.D. of the negative control serum were considered to be positive. 
Figure 2.2 Distribution of reagents for the determination of optimal 
antigen and serum dilutions on a microtitre plate to be 
used in ELISA.
Duplicate dilutions of antigen(-l)
400 800 1600 3200 6400 12800 
Serum 1*8 + — + — + — + — + — + —
Dilution 1:16 
1:32 
1:64 
1:128 
1:256 
1:512 
1:1024
Constant dilution of PA conjugate.
+ = Positive control serum.
- = Negative control serum.
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Table 2.3 Results of the determination of optimal antigen and serum
dilutions to be used in the ELISA.
Duplicate dilutions of antigens ~1
100 200 400 800
+ - + - + - + -
1:30 0.71 0.06 0.50 0.07 0.29 0.14 0.16 0.14
0.70 0.06 0.55 0.10 0.25 0.14 0.14 0.12
Serum 1:60 0.55 0.04 0.39 0.07 0.18 0.07 0.08 0.07
Dilutions 0.52 0.04 0.35 0.07 0.18 0.07 0.07 0.06
1:120 0.38 0.03 0.25 0.04 0.12 0.05 0.04 0.04
0.35 0.03 0.22 0.04 0.10 0.04 0.05 0.04
1:240 0.29 0.04 0.20 0.04 0.07 0.03 0.04 0.04
0.28 0.04 0.20 0.02 0.06 0.02 0.04 0.04
Constant dilution of PA conjugate.
+ = positive control serum, from infected pigs, Eastern Province, 
Zambia.
- = negative control pool serum from pigs in Northern Cameroon. 
F ig u re  2.3 D is t r ib u t io n  o f  c o n tro l s e ra  on m ic r o t i t r e  p la te s .
1 2 3 4 5 6 7 8 9  10 11 12
A -
B - +
C - +
D - +
E +
F +
G +
H +
( + = positive control serum; - = negative control serum ).
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2.5. Extraction of ASF virus DNA from infected pig red blood cells.
High titres of ASFV are found associated with pig erythrocytes 
(Montgomery, 1921; Plowright et al.. 1968; Wardley and Wilkinson, 1977; 
Wesley and Tuthill, 1984) and 100 times more virus is associated with 
the red blood cell (rbc) fraction of the blood than is present in 
plasma (Wesley and Tuthill, 1984). Since pig red blood cells have no 
nuclei, extracting DNA from virus associated with rbc's significantly 
reduces the chances of contamination with host cell DNA. This procedure 
also avoids possible variation that might occur during adaptation of 
virus to grow in tissue culture (Wesley and Pan, 1982; Tabares et al.. 
1987; Blasco et al.. 1989).
The extraction of virus DNA from infected pig blood was carried 
out as described by Wesley and Tuthill (1984). Cross-bred Large 
White/Landrace pigs of 20-30 kg live weight were used to obtain 
infected red blood cells. 2ml of virus at a titre of 103"4HAD50/ml was 
injected i/v or i/m into one pig. When the animals developed a 
temperature of 40°C or more about 3-4 days post inoculation (DPI), 
infected blood was obtained from the jugular vein after anaesthesia 
with Pentobarbitone-Na (SagatalR, May & Baker Ltd.). The blood was 
collected in one litre plastic pots containing 100ml of 7.5% EDTA to 
give a final concentration of 0.75% and the buffy coat separated from 
the red cells by centrifugation (lOOOg for 30 minutes at 4°C). The 
buffy coat and plasma were removed and the packed red blood cells were 
resuspended in PBS and centrifuged (lOOOg for 30 minutes at 4°C). 30ml 
of infected packed red blood cells were lysed by adding 90ml of 
distilled water for 15 minutes at room temperature and then centrifuged 
at 17,500g for 10 minutes at 4°C. The lysate was treated with 2.4ml of 
1M MgCl2 and 0.6ml of 1% DNAse for 30 minutes at 37°C. after which 5.4ml
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of 0.5M EDTA and 12ml of 10% Tween 80 were added to the mixture which 
was further incubated for 30 minutes at 37°C. The virus suspension was 
loaded on to a 25%/50% sucrose step gradient made up of 7ml of each 
solution and centrifuged (50,200g for 60 minutes at 10°C). The virus 
band at the gradient interface was collected and diluted with three 
times its volume of sucrose buffer (Appendix 2.3) and further 
centrifuged (105,000g for 60 minutes at 10°C). The virus pellet was 
resuspended in a total volume of 3ml TNE buffer (Appendix 2.3) and the 
virus treated with 10% SDS to give a final concentration of 1% and 1% 
pronase to give a final concentration of 500ug/ml. After incubating the 
sample at 37°C for one hour, phenol/chloroform extraction was carried 
out. The sample was treated first with an equal volume of phenol then 
the upper aqueous layer with half volumes of phenol and chloroform and 
finally the upper aqueous layer from the latter extraction with an 
equal volume of chloroform. DNA was precipitated from the upper aqueous 
layer with 0.2 volume of 3M sodium acetate and 0.6 volume of 
isopropanol.The DNA was redissolved in TE buffer (Appendix 2.3) and 
stored at 4°C. Best results were usually obtained when fresh blood was 
used in preparing the DNA.
2.6. Extraction of virus DNA from infected pig bone marrow (PBM)
cultures.
The extraction of virus DNA from infected PBM cultures was 
carried out as described by Wesley and Pan (1982). Monolayers of 3-day 
old PBM cells in ten plastic tissue culture flasks (FalconR) were 
inoculated with 2ml of virus suspension. When the cpe was 80-100% 
complete, the cells were pooled and centrifuged (lOOOg for 15 minutes 
at 4°C). The infected cell pellet was resuspended in 10ml of 0.1M NaCl, 
3mM MgCl2> 0.02M Na-phosphate (pH 6.8) and left overnight at 4°C. The
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suspension was sonicated in 15-sec bursts for 2 minutes at 150 watts 
(Heat instruments - Ultrasonics). 0.6ml of DNAse and RNAse (1% w/v) 
(20ug/ml), preincubated at 90°C for 10 minutes, were added to the cell 
suspension and incubated for 30 minutes; thereafter, EDTA was added to 
a final concentration of 20mM. The suspension was then centrifuged at 
580g for 10 minutes at 4°C to remove cellular debris.
The resulting supernatant was overlaid on a 25%/35%/50% sucrose 
gradient and centrifuged at 50,200g for 90 minutes at 4°C. The virus at 
the 35%/50% interface was collected and diluted with an equal volume of 
1M NaCl, 0.001M EDTA, O.lmM Tris/HCl (pH 8.2). The virus was further 
pelleted through a 3ml cushion of 25% sucrose in 1M NaCl, 0.01M 
Tris/HCl (pH 8.2), 0.001M EDTA at 100,000g for 60 minutes at 10°C. The 
virus pellet was resuspended in 3ml of TNE buffer, treated with 
SDS/Pronase and the DNA extracted as described in section 2.5. The DNA 
was redissolved in TE buffer and stored at 4°C.
2.7. Restriction enzyme digestion of virus DNA and agarose gel
electrophoresis of end-labelled DNA fragments.
Purified virus DNA was digested with restriction endonucleases 
(Boehringer Mannheim) following the manufacturers' recommendations. 
2ul of enzyme buffer (supplied by manufacturers of the restriction 
enzymes), lul of the appropriate restriction enzyme and 1.5-3ul of 
virus DNA was made up to 20ul with milli-Q (Appendix 2) water and 
incubated at 37°C for 1-2 hours.
The restriction enzymes used were BamHI, EcoRI, Asp718, 
(schizoisomer of Kpnl), Xbal, Hind III and Ncol (Boehringer Mannheim). 
In order to determine the sizes of various fragments produced after 
enzyme digestion and electrophoresis on 0.6% agarose gel, bacteriophage 
lamda DNA markers were prepared by mixing 2ul of core buffer (Appendix
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2.4), lul of pre-digested lamda DNA (Appendix 2.4) and 17ul of milli-Q 
water, then heating the mixture to 70°C for 5 minutes and placing it on 
ice. After centrifuging all the samples, the restriction enzyme digests 
and the markers were end-labelled with 32PdATP using the Klenow fragment 
of DNA polymerase I following the random oligonucleotide primer method 
as described by Feinberg and Vogelstein (1983, 1984). First, the 
end-labelling solution was prepared with 40ul of solution A (Appendix
2.4), 9ul of sterile milli-Q water, lul of Klenow fragment (lU/ul) and 
2ul of 32PdATP (lOuCi/ul). To each 20ul of marker or virus DNA sample, 
6ul of the end-labelling solution was added and incubated at room 
temperature for 15 minutes. After adding 2ul of loading buffer 
(Appendix 2.4) to each labelled sample the virus and marker DNA 
fragments were co-electrophoresed at a constant voltage of 55V at room 
temperature for 16 - 18 hours in 0.6% agarose (BRL - 5510UB- 
Electrophoresis grade) gel in 40 mM Tris - acetate buffer (pH 8.0) 
(Appendix 2.4). Discrete DNA bands were visualised either by staining 
with ethidium bromide or by autoradiography of dried gels containing 
the end labelled restriction endonuclease fragments.
2.8. Transfer of DNA from agarose gels to nvlon membranes (Southern
Blot).
The procedure was essentially as described by Southern (1975). 
The gel containing the DNA fragments was first subjected to a short 
depurination of 15-20 minutes in 0.25M HC1. Following depurination, 
the gel was soaked in denaturing solution (Appendix 2.5) for one hour 
at room temperature with constant agitation and then transfered to a 
neutralising solution (Appendix 2.5) for a further one hour.
After the pre-treatment, the gel was mounted on a filter paper 
wick which dipped into a reservoir containing the transfer buffer, lOx
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SSC (Appendix 2.4). The blotting membrane, Hybond-N (Amersham), was 
sandwiched between the gel and a stack of paper towels which served to 
draw the transfer buffer through the gel by capillary action. A glass 
plate was placed on top of the paper towels and a weight of about 1kg 
mounted on the glass to stabilise the stack of towels. DNA was allowed 
to transfer overnight and the membrane was peeled off and washed in 6x 
SSC for 5 minutes at room temperature. After draining the excess fluid 
the membrane was sealed in a filter paper bag and baked for 2 hours at 
80°C in a vacuum oven in order to fix the transfered DNA fragments on 
to the Hybond-N membrane. The membranes were heat sealed in plastic 
bags and stored at 4°C until required.
2.9. Preparation of radioactivelv labelled probes and hybridisation
of Southern filters.
Plasmid clones containing DNA from a Spanish isolate (Ba71V) of 
ASF virus adapted to grow in Vero cells (Figure 2.4, Ley et al.. 1984), 
were kindly donated by Dr. E. Vinuela (Universidad Autonoma, Madrid, 
Spain). Bacteriophage lamda overlapping clones of DNA from a Malawi ASF 
virus isolate (Lil 20/1) (Figure 2.5, Dixon, 1988), spanning the whole 
genome were obtained from Dr. L. Dixon (Institute for Animal Health, 
Pirbright Laboratory, U.K.). The plasmid clones containing inserts of 
ASF virus DNA were first cleaved by digestion with restriction enzyme 
in a total volume of 20ul as previously described in section 2.7 for 2 
hours at 37°C and denatured by boiling for 10 minutes. The DNA was then 
labelled by adding lOul of oligo-labelling (OLB) buffer (Appendix 2.5), 
2ul of bovine serum albumin (BSA; Appendix 2.5), 20ul of denatured 
DNA, lul of Klenow enzyme (5U/ul) and 2ul of 32PdATP, in that order and 
incubated at room temperature for at least 2.5 hours before stopping 
the reaction by adding 200ul of TE buffer.
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The baked filter for hybridisation was placed in a heat-sealable 
plastic bag and prehybridisation solution (Appendix 2.5) pre-warmed to 
68°C was added at a ratio of 0.2ml/cm2. After squeezing out all the air 
bubbles the bag was heat-sealed and then placed in a larger one which 
was also heat-sealed. The bag was submerged in a shaking water bath and 
incubated at 68°C for 2-4 hours. Before adding the labelled probe into 
the prehybridisation solution in the bag, it was boiled for 5 minutes, 
placed on ice and 0.5ml prehybridisation solution added to it. The 
submerged bag was taken out, cut open at one end and the labelled probe 
poured in. Most of the air bubbles were sqeezed out before heat-sealing 
the bag which was submerged in a shaking water bath and incubated 
overnight at 68°C. The filter was taken out from the bag the next day 
and without allowing it to get dry at any stage during the washing 
procedure, the first wash was carried out at room temperature in 2X 
SSC and 0.5% SDS for 5 minutes, then the second wash in 2X SSC and 0.1% 
SDS at room temperature for 15 minutes and finally the third wash in 
0.1X SSC and 0.5% SDS at 50°C in a shaking water bath for 1 hour. The 
membrane was autoradiographed in a cassette with an intensifying screen 
at -70°C for 3-4 hours.
The radioactive probe was eluted from the filter by first washing 
for minutes at 45°C with 0.4M NaOH followed by another wash for 30 
minutes with 0.1X SSC, 0.2M Tris/Hcl (pH 7.5) and 0.1% SDS. The damp 
membrane was then stored in a sealed plastic bag at 4°C for 
re-hybridisation with other probes.
2.10 Determination of terminal fragments in CAM/82 and CAM/86 ASF
virus DNA.
Virus DNA from the CAM/82 and CAM/86 ASFV isolates was digested 
with the restriction enzyme BamHI at 37°C for one hour in a total volume
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of 20ul as described in section 2.7. 5ul of the digested DNA was stored 
at 4°C and the rest was precipitated with isopropanol by adding 3ul of 
3M sodium acetate and lul of isopropanol and leaving the mixture at 
room temperature for 15 minutes. The samples were centrifuged in a 
microfuge and the DNA washed with 70% ethanol and air dried. 30ul of
0.8X SSC was added to redissolve the DNA and the samples were boiled 
for 10 minutes before transfering them to ice for 5 minutes, lul of 
1:10 SI nuclease (Amersham) in SI buffer (Appendix 2.7) was then added 
to each sample and incubated at 37°C for 10 minutes. After chilling to 
0°C on ice, 0.15 volume of 4M ammonium acetate was added to each DNA 
sample together with 1M EDTA (pH 8.0) to a final concentration of 0.1M 
to stop the reaction. The DNA samples were extracted once with 
phenol/chloroform as previously described in section 2.5 ^ and 
precipitated with an equal volume of isopropanol at -70°C for 15 
minutes. The DNA was washed once in 70% ethanol and dissolved in 15ul 
of TE buffer. The 5ul of DNA previously stored at 4°C and the terminal 
fragments were then labelled with 32PdATP as described in section 2.7. 
and loaded on 0.6% agarose gel each in parallel with its corresponding 
untreated but labelled virus DNA digest as a control and 
electrophoresed at a constant voltage of 55V for 16-18 hours. Under 
these conditions the cross-linked ends of ASF virus DNA reannealed to 
form Si nuclease-resistant duplex molecules which were visualised after 
autoradiography as both the left and right terminal fragments of ASFV 
DNA.
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Figure 2.4 Plasmid clones of the Vero cell-adapted Spanish 
isolate (Badajoz-71) of ASF virus DNA.
Ley et al. (1984).
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Chapter 3.
Serological survey for African svine fever in pigs in the North Vest.
South West and Vest Provinces of Cameroon.
3.1 Introduction.
African swine fever outbreaks have been continuously reported in 
the main pig producing area of the country since the epizootic in 1982 
which caused the loss of about 80% of the pig population (Ekue and 
Tanya, 1985), although the mortality rates in last four years are not 
as high as those recorded in 1982. ASF was presumed to be enzootic in 
the pig producing area because some pig owners tried to restock their 
farms and still lost their herds to the disease (Nana Nukechap and 
Gibbs, 1985) but the frequency and the distribution of ASF in the area 
was not known. Such information is essential for mapping the extent of 
the enzootic area and understanding the prevalence and distribution of 
carrier pigs which are potential sources of infection to healthy 
susceptible ones. This information will also be useful for planning 
future control and eradication programmes and for the identification of 
herds of uninfected pigs which could be used as replacement and 
sentinel herds when such programmes are eventually launched.
This chapter reports the results of interviews with pig owners 
and Veterinary Assistants and two serological surveys carried out in 
three provinces in the pig producing area of the country (Figure 3.1 
and Table 3.1). The first set of samples were collected between 
November 1984 and March 1985 and the second set between January and 
June 1988. Specific antibodies against ASF virus in the serum samples 
were detected by the indirect enzyme-linked immunosorbent assay (ELISA) 
(Sanchez Vizcaino et al.. 1983). Sample collection was carried out
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simultaneously with the interviewing of farmers and Veterinary 
Assistants and the completion of questionnaires (Appendix 1) was 
designed to provide more information about the ASF situation in the 
area.
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Table 3.1 Localities in the North West. South Vest and Vest 
Provinces in which the ASF situation was studied.
Province. Division. District. Localities studied.
North - Mezam Bamenda Mankon; Bafut; Bambui; Bamenda.
West Momo Batibo Batibo; Bessi-Batibo; Guzang.
West Mifi Bafoussam Bafoussam + villages around.
Bamendjou Bamendjou + villages around.
Bandj oun Bandjoun + surrounding villages.
Bangoi Bangoi + surrounding villages.
Menoua Santchou Santchou
Dschang Dschang; Bafou; Balepe;
Fongo-Tongo; University Centre.
Fokoue Fokoue + surruonding villages.
PenkaMichel PenkaMichel + villages around.
Haut Nkam Kekem Kekem + surrounding villages.
Bafang Bafang muicipality.
Bandj a Bandja + surrounding villages.
Bana Bana + surrounding villages.
Nde Bangante Bangante + villages around.
Bazou Bazou + villages around.
Tonga Tonga
Noun Foumbot Foumbot; Kounden; Mbankop.
Koutaba Koutaba area.
Foumban Foumban; Fishery school, Foumban
Magba Magba
Malantouen No pigs in the district.
Massangam No pigs in the district.
South- Fako Limbe Limbe; Batoke, Mile 4.
West Meme Kumba Kumba Town.
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3.2 Materials and Methods.
3.2.1 Collection of field samples.
3.2.1.1 Sampling method. The construction of a suitable sampling frame 
for the survey was made difficult because most of the pig farms in the 
country are not registered, hence the sizes of the various herds were 
not known. However, a total of 124 farms were visited in the three 
provinces (Figure 3.2): 5 in the North West, 4 in the South West and 
115 in the West Province where pig farming is most intense and the 
farmers have made considerable progress in restocking their farms. 
Blood samples were obtained from two groups of pigs: exotic European 
breeds raised commercially under modern management conditions and the 
local indigenous breeds seen roaming in the villages. With the help of 
the Veterinary Assistants all the well-managed farms known to them were 
visited and samples collected from the pigs. The number of samples 
collected per farm varied with the pig population in each farm. All 
the pigs were sampled in farms where the population was less than ten 
and at least one third of them were sampled in farms with more than ten 
animals. The local breeds were sampled by collecting blood from pigs 
in the markets on local market days and in the pigsties behind the 
houses in the villages wherever a pig owner was identified in the 
different localities. Most villagers kept less than ten pigs, hence 
every animal in each pigsty visited was sampled.
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Figure 3.2 Distribution of pig farms in the North West,
South West and West Provinces from which serum 
samples were collected in Nov. 1984 - March 
1985 and Jan.- June 1988.
• Farms with European breeds of pigs.
* Farms with local African pigs.
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3.2.1.2 Blood collection and serum preparation.
The pigs were placed on their backs in a restraining crate and 
blood was collected from the anterior vena cava with a 10ml syringe, 
transfered to a 25ml glass bottle and left at an inclined position to 
allow clot formation. The samples were carried in ice packs and later 
stored at 4°C overnight for clot retraction to occur. Serum was 
transfered into 2ml labelled glass vials and stored at -20°C. Detection 
of anti-ASF virus specific antibody in the sera was carried out by the 
indirect ELISA (Sanchez Vizcaino et al.. 1983) as described in Chapter 
2 (section 6.3).
3.2.2 Preparation of a negative control pool serum from sera
collected from uninfected pigs in Cameroon.
The examination of a number of clinically "normal" pigs by 
ELISA using a single dilution of serum and the soluble antigen, 
demonstrated that there was some variation in optical density (O.D) 
values in different pigs (Sanchez Vizcaino et al.. 1983). For this 
reason these workers established the distribution of O.D. values of 
ASF-negative sera taken from several different pig populations from 
Britain and Spain. The negative sera from Britain consisted of samples 
recieved at the Institute for Animal Health, Pirbright Laboratory for 
ASF virus antibody diagnosis. The Spanish negative sera were collected 
from pigs in the ASF-free areas of Spain. They observed from their 
study that the means of the O.D. values of the negative sera showed 
some variation between pig populations within one country and also 
between the two countries. They also established that the coefficient 
of distribution is 27% for twice the standard deviation of the 
population mean.
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The population distribution was also observed to be skewed 
towards the positive (higher O.D value) side of the distribution, so 
that a safer 99% confidence limit for positivity was obtainable by 
doubling the mean O.D value for the control negative serum. Hence, any 
serum with an O.D value above this figure was considered as positive.
Before examining the sera collected in the survey in Cameroon, 
it was necessary to estimate the normal distribution of O.D. values of 
sera collected from uninfected pigs in Cameroon and prepare a negative 
control serum pool for use in the ELISA test.
One hundred and ten serum samples were obtained from pigs from 
the northern part of Cameroon where there has been no reports of ASF. 
An ELISA test was carried out on these sera and the results were used 
to plot the distribution of O.D. values (Figure 3.3). The mean O.D. 
was then determined from the graph and a pool of serum was made with 
aliquots of 1ml of each serum with the mean O.D. value. A further ELISA 
was carried out using the pool and the individual samples used in 
making the pool and their O.D values were compared (Table 3.2). This 
was to check that there was no variation between O.D. values of 
individual sera and the O.D. value of the serum pool. The pool and 
means were within one standard deviation, hence there was no variation 
between the O.D. values of the pool and the individual serum samples. 
The pool was used as the negative control serum and was stored at -20°C 
in aliquots of 1.5ml.
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Figure 3.3 Distribution of optical density (O.D.) values
of sera obtained from pigs in Northern Cameroon.
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Table 3.2 Optical density (O.D.) values of pooled negative
control sera and the individual samples in the pool.
 Optical density values.________
Serum Individual samples within a pool, 
pool. 1 2 3 4 5 6  7 8 9  10
0.08 .05 .13 .07 .10 .06 .08 .10 .08 .08 .06
Individual sample mean = 0.08; Stand. Dev. =0.02
3.2.3 Collection of interview data.
Pig owners were interviewed and questionnaires completed between 
January and June 1988 in the three provinces of the pig-producing area 
at the same time as sample collection from pigs (Figure 3.1; Table 
3.1). The questionnaire was designed in collaboration with Dr. Janet 
Haresnape who had previously carried out a similar survey on ASF in 
Malawi (Haresnape et al.. 1985).
The information requested from the pig owners included the 
owner's name and address, pig population and breeds, breeding purpose, 
mortalities registered in the herds with the numbers and dates, 
duration of illness and any records on survivors. Other information 
that was to be provided by the farmers included the location of the 
residences of their workers, the approximate distance from the nearest 
farm, type and origin of feed given to the pigs and the method of 
marketing the pigs. The farmers were also asked to describe the signs 
of the disease as it was observed on their farms. A presumptive 
diagnosis of ASF was based on the assessement of the clinical details 
given by the farmer which included duration of illness, mortality rates 
and clinical signs observed in sick pigs such as loss of appetite, 
refusal to walk, weakness, incoordination in the hindquarters, 
vomiting, diarrhoea, constipation, abortion in pregnant sows and 
pinkish colouration of the ears, thighs and extremities of the limbs in
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pigs with white coat colour. Those deaths were presumed to be the 
result of ASF were identified from the clinical descriptions.
3.3 Results.
28 districts in three provinces of the pig-producing area were 
investigated in the study (Figure 3.1,Table 3.1). Evidence for ASFV 
infection based on the interview data was obtained in 18 districts and 
laboratory confirmation of the diagnosis, by virus isolation or 
detection of antibody to ASF virus, was obtained in 13 out of these 18 
districts (Figure 3.4). A presumptive diagnosis was based on an 
assessement of the clinical details given by the pig owner consistent 
with those reported for ASF in other regions and they frequently 
included shivering, weakness, loss of appetite, purple discolouration 
of the inner thigh region and ears, loss of balance, refusal to walk, 
diarrhoea, vomiting and emaciation. Some farmers also described 
abortion in pregnant sows and constipation resulting in hard, dry balls 
of faeces. The length of illness varied from 24 hours to 12 days with 
mortality rates greater than 70% in the virgin outbreaks and less than 
40% in the subsequent ones (Table 3.3).
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Figure 3.4 Distribution of ASF outbreaks confirmed by virus isolation. 
Legend.
O  First survey (Nov. 1984 - March 1985).
□  Second survey (Jan. - June 1988).
1. Batibo Sept. 1982
2. Bamenda May 1985
3. Mbouda July 1982
4. Batcham July 1982
5. Dschang May 1982
6. Bafoussam June 1982
& April 1987
7. Bandjoun Jan. 1988
8. Foumbot July 1982
9. Koutaba Aug. 1982
10. Bafang June 1982
11. Kekem June 1982
12. Bangante Dec. 1982
13. Limbe Jan. 1986
N.B. Virus isolation done in I.A.H., Pirbright, U.K. and
I.N.I.A., Madrid, Spain.
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Table 3.3 Analysis of questionnaires on mortality rates and clinical
signs of ASF in 53 farms in the North Vest. South Vest and 
Vest Provinces.
___________ Province.__________
Clinical signs. North Vest South Vest Vest
Anorexia 4/4 4/4 45/45
Shivering 4/4 4/4 45/45
Haemorrahges in the
ears, belly and thighs. 4/4 4/4 32/45
Vomiting 1/4 2/4 25/45
Diarrhoea 2/4 0/4 25/45
Abortion 1/4 3/4 30/45
Lameness 1/4 3/4 20/45
Loss of balance. 4/4 4/4 45/45
Constipation 0/4 0/4 30/45
Mortalitv rates. 1982--84 1985-88
North Vest Province: >70% 4 No information.
South Vest Province: >70% 4 No information.
Vest Province: <40% 0 35
>70% 45 10
Total 53 45
Duration of signs
till death(davs).
North Vest Province: <1 1
3-7 3
South Vest Province: 3-7 4
Vest Province: <1 1
3-7 22
8-12 1
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Survey in the N.V. Province. Nov. 1984 - March 1985.
The two districts of Bamenda and Batibo in two divisions in the 
province were studied (Fig 3.1). From interview data there was enough 
evidence to suggest that ASF outbreaks had occurred in both districts 
in 1982, 1983, 1984 and 1985 and laboratory confirmation by virus 
isolation and detection of antibody was obtained for outbreaks which 
occurred in 1982 in Batibo and 1985 in Bamenda (Table 3.4, Figure 3.4).
The mortality rate was greater than 70% in Bamenda and greater 
than 80% in Batibo district. Because most of the farms were unoccupied 
during the period of the survey sample collection for serology was 
extremely difficult to carry out. Despite the small sample size 
seropositive pigs were detected in both districts, 23/100 (23%) in 
Bamenda and 2/11 (18.2%) in Batibo (Table 3.4). Most pig owners in the 
province never restocked after an outbreak on their farms.
Table 3.4 Serological survey of ASF in the North Vest Province 
(Nov. 1984 - March 1985).
Division. District. No. of sera positive Other interview data.
No. tested (%)
Mezam Bamenda 23/100 (23.0) ASF outbreak in May 1985*.
Momo Batibo 2/11
Total 25/111
Mortality >60%.
(18.2) ASF outbreak in Sept. 1982*, 
1983, 1984. Mortality >80%. 
Most farms totally depopulated 
at the time of the survey.
(22.5)
* Laboratory-confirmed outbreaks (other outbreaks were considered to 
be ASF on the basis of the interview data only).
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Surveys in the S.W. Province. Nov.1984-March 1985 and Jan.1986.
In Kumba district in Meme division (Figure 3.1), interview data 
provided evidence of ASF outbreaks in 1982 and 1984 with mortality 
rates greater than 80% (Table 3.5). All the farms had been depopulated 
hence no samples could be obtained for serology. In Limbe district in 
Fako division (Figure 3.1), ASF occurred in 1982, 1985 and 1986 with 
a laboratory confirmation of the 1986 outbreak (Table 3.5). One out of 
eleven (9.1%) serum samples collected in January 1986 was positive and 
virus (CAM/86 isolate) was also isolated from it (Figure 3.4). The 
commercial farms were never restocked after the 1982 outbreak.
Table 3.5 Serological survey of ASF in the South Vest Province 
(Nov. 1984 - March 1985 and Jan. 1986).
Division. District. No. of sera positive Other interview data.
No. tested (%)
Fako Limbe 1/11 (9.1) ASF outbreak in 1982, 1985,
1986*. Many farms never 
restocked after the 1982 
outbreak.
Meme Kumba No sera collected. ASF outbreak in 1982,
1984. Mortality >80%. Farms 
never restocked after 1984.
* Laboratory-confirmed outbreaks (other outbreaks were considered to 
be ASF on the basis of the interview data only).
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Surveys in the Vest Province.
First survey; Nov. 1984 - March 1985.
Ten out of 21 districts in the West Province were studied in the 
first survey carried out between Nov.1984 and March 1985 (Table 3.6). 
Pigs are not kept in two districts, namely Malantoeun and Massangam, 
because the inhabitants are Moslems. In other districts such as 
Bamendjou and Bangoi in Mifi division, Bandja in Haut Nkam division, 
Bazou in Nde and Penka Michel in Menoua division (Figure 3.1), the 
farms were unoccupied and there were no pig owners to be interviewed. 
The ten districts studied had ASF outbreaks between 1982 and 1985 and 
laboratory confirmation by virus isolation and antibody detection was 
obtained for the 1982 outbreaks in nine out of the ten districts (Table
3.6, Figure 3.4).
Twentyfive out of 142 (17.6%) samples obtained from pigs were 
sero-positive. The highest prevalence of anti-ASF virus specific 
antibody in pigs was observed in Foumbot, Koutaba and Foumban districts 
(26.7%) in Noun division, followed by Dschang (25.0%) in Menoua 
division and Mbouda and Batcham districts (23.1%) in Bamboutos division 
(Table 3.6). From the interview data, the mortality rate in most farms 
ranged between 70-90%. In some depopulated farms it was not clear 
whether all the pigs had been lost as a result of ASF or the survivors 
had been destroyed by the owners.
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Table 3.6 Serological survey of ASF in the Vest Province 
(Nov. 1984 - March 1985).
Division. District. No. of sera positive Other interview data.
Mifi
Menoua
Bamboutos
Haut Nkam
Noun
Total
No. tested (%) 
Bafoussam 6/52 (11»5)
Dschang 5/20 (25.0)
Mbouda & 3/13 (23.1)
Batcham
Bafang & 1/12 (8.7)
Kekem
Foumbot, 8/30 (26.7)
Koutaba &
Foumban
25/142 (17.6)
ASF oubreak in most farms in 
1982*, 1983, 1984, 1985. 
Mortality >70%. Most farms 
empty at the time of the 
survey despite restocking 
attempts in 1983 and 1984. 
ASF outbreak in 1982*, 1984,
1985. Mortality >80% and most 
farms empty.
ASF outbreak in 1982*,
1984, 1985. Mortality >80% 
and most farms empty.
ASF outbreak in 1982*, 1984. 
Mortality >90%. Almost all 
commercial farms closed down. 
ASF outbreak in 1982*, 1984. 
Mortality >70%. Most farms 
empty except one Gov't farm 
in Kounden in which ASF 
positive pigs were also 
identified.
* Laboratory - confirmed outbreaks (other outbreaks were considered 
to be ASF on the basis of interview data only).
Second survey: January-June 1988.
During this period 17 out of 21 districts in the West Province 
were studied (Table 3.7). On the basis of interview data outbreaks of 
ASF were recorded in all except two districts (Bana and Foumban) 
between 1986 and 1988 (Table 3.7). Laboratory confirmation by virus 
isolation was obtained for only two outbreaks: one which occurred in 
Bafoussam in April 1987 and another in Bandjoun in January 1988 (Figure
3.4). Mortality rates above 70% were recorded in the districts of 
Koutaba, Galim and Magba and most of the pig farms in the latter two 
districts were only established in 1984. Generally, a low mortality 
rate (<40%) was recorded in those districts which had experienced ASF 
in previous years (Table 3.7).
Fiftyfour out of 533 (10.1%) samples collected from the 17 
districts studied were seropositive to ASF and the highest prevalence 
was recorded in Mbouda district (32.3%), followed by Bandjoun (19.0%), 
Batcham (16.7%), Magba (16.6%), and Dschang (16.5%) (Table 3.7). No 
seropositive pigs were identified in Bana and Foumban districts and 
there were no reports of ASF outbreaks since 1985. It was also observed 
from interview data that there were many well stocked farms in Bangante 
district with no history of ASF despite the reported outbreaks in 1982, 
1984, and 1987 in other farms in the surrounding districts. Other areas 
with no history of ASF outbreaks included two farms in Bafoussam 
district, one in Magba and one in Foumban. Fiftyfour out of 84 farms 
(64.3%) in all the districts studied in the West Province between 
January and June 1988 contained seronegative pigs.
69
Table 3.7 Serological survey of ASF in the Vest Province 
(Jan.-Junel988).
Division. District. No. of sera positive Other interviev data.
No. tested
Mifi Bafoussam 9/138
Bandjoun 8/42
Total 17/180
Menoua Dschang 13/79
Santchou 0/10
Fokoue 0/12
Total 13/101
Bamboutos Batcham 4/24
Mbouda 10/31
Galim 0/47
Total 10/102
Noun Foumbot & 5/25
Koutaba
Foumban 0/4
Magba 2/12
Total 7/41
Haut Nkam Kekem 0/5
Bafang 3/31
Bana 0/30
Total 3/66
Nde Bangante 0/37
(%)
(6.5) ASF in 1986, 1987*, 1988.
Mortality <50%. Many 
restocked farms.
(19.0) ASF in 1986, 1988*.
Mortality <40%. Many 
restocked farms.
(9.4)
(16.5) ASF outbreak in 1986,
1987. Mortality <40%. Few 
restocked farms but more 
village pigs.
(0.0) ASF outbreak in 1986.
Mortality <40%.
Mostly village pigs.
(0.0) ASF outbreak in 1986.
Mortality <40% with few 
commercial herds.
(12.9)
(16.7) ASF in 1986, 1987
Mortality <40% and a few 
restocked farms.
(32.3) ASF in 1986, 1987. Low
mortality rates and many 
restocked farms.
(0.0) ASF in 1987. Mortality
>70%. Few farms.
(9.8)
(20.0) ASF in 1986,1987.
Mortality >60%. Few 
restocked farms.
(0.0) No reports of ASF. One
known commrecial pig farm.
(16.6) ASF in 1985,1987.
Mortality >70% and few 
restocked farms.
(17.1)
(0.0) ASF in 1986, 1987.
Mortality <40% and no 
commercial farms.
(9.2) ASF in 1986, 1987.
Mortality <40% and complete 
absence of commercial 
farms.
(0.0) No reports of ASF. A few
well restocked farms.
(4.5)
(0.0) ASF in 1987. Mortality
<50%. Few but well 
restocked farms and some 
with no history of ASF.
(0.0) ASF in 1987. Mortality
<30%. Just one farm left.
(0.0)
(10.1)
Tonga 0/6
Total 0/47
Provincial total 54/533
* Laboratory - confirmed outbreaks (other outbreaks were considered 
to be ASF on the basis of interview data only).
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3.4 Discussions.
Results from the survey have shown that outbreaks of African swine 
fever have occurred in the three provinces in the pig producing area of 
Cameroon almost every year since 1982. Infection was observed in 18 out 
of 28 districts studied and laboratory confirmed diagnosis by virus 
isolation and detection of ASF virus antibody was obtained from 13 
districts (Figure 3.4) while the rest of the outbreaks were based on 
evidence from interview data. The mortality rates in both the local 
and exotic breeds in the initial outbreaks were above 10% but they 
dropped to less than 40% in subsequent ones.
The enzootic area of ASF in the main pig producing area of 
Cameroon has been defined following the results obtained from this 
survey and it is now reasonable to conclude that there is a wide 
distribution of the disease and carrier pigs are present in almost all 
the districts studied in the area (Figure 3.5) However, the presence 
of infection and carrier pigs in parts of the country not included in 
this study remain to be investigated especially in the Central and 
Littoral Provinces.
Although the disease and recovered carrier pigs have a wide 
distribution in almost all the districts studied, evidence from the 
survey indicates that there are still farms in the West Province in 
which outbreaks of ASF have never been recorded and there are also many 
farms with no prevalence of anti-ASF virus specific antibody in pigs. 
However, the latter results were only based on randomly collected 
samples from each farm and it is possible that some seropositive pigs 
could have been missed during sampling. Since the objective of the 
survey was to determine the frequency and distribution of disease in 
pigs in the pig producing area, the detection of one seropositive out
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of only eleven samples, as was observed in Limbe district (South West 
Province), must be regarded as significant despite the small sample 
size. On the other hand, a zero prevalence of anti-ASFV antibody in 
pigs on a farm or in a district is not sufficient evidence to confirm 
the absence of disease in the pig population. Seropositive pigs were 
detected in one farm in Bafoussam district and another in Bandjoun 
district (Figure 3.1) in which the owners appeared to be restocking 
their farms with survivors from previous ASF outbreaks. Animals having 
ASF virus antibody are quite often also virus carriers (Wilkinson,
1984). Therefore, it is possible that such farms will begin to suffer 
severe losses as before when new susceptible pig populations are 
brought in.
In order to identify groups of ASF-free pigs, all pigs from those 
farms with a zero prevalence of seropositive animals should be 
re-tested for anti-ASFV antibody. Such farms with proven ASF-free pigs 
could be used to supply replacement stocks during an eradication 
programme in future. The farms with no history of outbreaks of ASF were 
found in the districts of Bafoussam, Mbouda, Bangante, Magba, Foumban 
and Bana in the West Province and mainly consisted of the well managed 
commercial farms producing exotic breeds of pigs and about 70% of them 
are found in this province. These farms are generally located some 
distance from towns and the workers live on the site. The piggeries are 
fenced and access to the premises is very strictly controlled. These 
are the reasons why there has been no ASF on these farms.
Information on the current pig population and number of pig 
Owners in the country is incomplete since most of the farms are not 
registered and the local breeds, which form about 20% of the pig 
population, are owned by villagers who do not keep records of them.
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This fact, and the poor infrastructure in most areas where the pig 
farms are located, made the collection of field samples a very 
difficult task to accomplish. It was also difficult to obtain a large 
number of samples from districts in the North West and South West 
Provinces due to closure of most of the farms after the first ASF 
outbreak in 1982. However, interview data revealed a mortality rate 
above 70% in the outbreaks that occurred before 1985 and serology 
results showed the presence of seropositive pigs within the surviving 
stock. The pig owners in these provinces never restocked their farms 
once they had lost all their pigs. This was due to extreme financial 
constraints they faced resulting mainly from the difficulty in re­
paying the loans they had obtained to set up their pig farms before the 
ASF outbreak in 1982. Past experience has shown that most 
questionnaires sent by post to farmers and Veterinary Assistants were 
never returned, hence those used in this survey were personally 
completed during the interviews with the farmers. This method had the 
added advantage of avoiding ambiguity in the responses given by some of 
the farmers which could have made analysis difficult to carry out.
The only other reported survey of this nature on ASF in an African 
country was carried out in Malawi by Haresnape et al. (1985) and they 
used the results to map out the enzootic area of ASF in that country. 
Some ASF outbreaks in Malawi between 1981 and 1984, particularly in the 
eastern and southern parts of the Central Region, had similar clinical 
signs and mortality rates in pigs to those seen in the field between 
1982-1984 in the areas in Cameroon investigated in this study. The 
mortality rates approached 100% as previously reported in other parts 
of Africa (Montgomery, 1921; Detray, 1963; Moulton and Coggins, 1968; 
Hess, 1971). In Cameroon this was evident from the interview data
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collected in which pig owners in many of the affected districts 
reported deaths within 3-12 days of the onset of clinical signs (Table 
3.3). However, subsequent ASF outbreaks in Cameroon within the last 5 
years especially in the West Province and in experimental infections 
of domestic pigs with the CAM/82 isolate (Ekue et al.. 1989) showed 
milder clinical signs and low mortality rates. Outbreaks after 1984 
in Malawi, especially in the West of the Central Region, also had lower 
mortality rates and many recovered 'carrier' pigs (Haresnape et al..
1985). Such variations in clinical signs and mortality rates were also 
observed in the epizootics in Malta (Wilkinson et al.. 1980), Brazil 
and the Dominican Republic (Mebus et al.. 1978; Reichard, 1978).
The majority of African isolates of ASFV constantly cause peracute 
or acute disease in both natural and experimental infections 
(Montgomery, 1921; Detray, 1963; Scott 1965a; Moulton and Coggins, 
1968). But the evidences from this survey and from previous studies 
using the CAM/82 isolate to infect pigs (Ekue et al.. 1989), have shown 
that the virus from Cameroon is less virulent than most other African 
isolates.
A decrease in mortality rates in subsequent ASF outbreaks has been 
reported from other countries where the disease has become enzootic 
and they include Angola (Leite Velho, 1956), Zaire (Thomson et al.. 
1979), Malawi (Haresnape et al.. 1985) and South Africa (Pini, 1978) 
but it is still not clear how this change in mortality is brought 
about. A number of suggestions have been made by previous workers. 
Leite Velho (1956) first suggested that the change might be due to the 
attenuation of ASF virus isolates by repeated pig-to-pig transmissions 
when he tried to explain the situation in Angola where Portuguese 
settlers kept their pigs in free-ranging herds (Scott, 1965b). Another
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possibility proposed by Pan and Hess (1985) was based on a multiclonal 
concept of ASF virus in which they stated that ASF virus isolates 
consist of multiclonal populations each of which have different 
biological characteristics in respect to haemadsorption, virulence, 
infectivity, plaque size and antigenic composition. Hence, the 
characteristics of any particular virus population may change if the 
proportion of different clones is altered by passage in pigs. These 
workers also stated that the virulence of an isolate is determined by 
the virulence of the predominant clones and not by the total amount of 
virus with which pigs are infected. Therefore, it is possible to select 
virus isolates of inherently reduced virulence by passage in pigs which 
could eventually be spread in the pig population resulting in low 
mortality rates (Wardlev et al.. 1983). The third possible explanation 
for the reduced mortality rates could be due to the selection pressure 
imposed on the virus by passage in pigs which have acquired some 
immunity, either through recovery from the infection or through the 
ingestion of colostral antibody, thereby rendering it less virulent for 
domestic pigs. These suggestions may also be true for the change in 
virulence observed in ASF virus isolates from Cameroon which have 
produced lower mortality rates in domestic pigs in recent years.
The results of the serological survey presented in this study 
have clearly shown the wide distribution of recovered "carrier"pigs in 
the enzootic area. Such recovered pigs may be important in the 
epizootiology of ASF in Cameroon. Although recovered "carrier" pigs are 
generally resistant to challenge with the homologous virus (Ruiz 
Gonzalvo et al.. 1983), heterologous strains may replicate in them 
without producing clinical signs (Wilkinson, 1984). Also, reactivation 
of the carried virus is possible when the animals have been subjected
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to stress, although this latter view has never been conclusively 
demonstrated in the field (Sanchez Botija, 1982) but it has occurred 
'spontaneously' in experimental pigs 11 months after infection and 6 
months post inoculation in pigs given steroids (Wilkinson, 1984).
Sows which recover from infection and become pregnant do not 
transfer the virus to foetuses in utero (Schlafer et al., 1984a) but 
piglets which have ingested colostral antibody show a delayed onset of 
clinical signs after infection, lower viraemia titres and a higher 
survival rate (Schlafer et al.. 1984a,b) and this can be a less readily 
detected source of infection for other pigs. This, therefore implies 
that seropositive pigs must be strongly considered as potential sources 
of the virus which can result in the spread and maintenance of the 
infection within pig populations in the enzootic area and to other 
parts of the country where the disease has never been reported.
The genomic and antigenic relationship between the ASF virus 
isolates obtained during this survey and those previously collected 
from different parts of the country are discussed in Chapters 4 and 5. 
An investigation of the pathogenicity of two of these ASFV isolates, 
(CAM/86 and CAM/88), in domestic pigs is reported in Chapter 7.
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Figure 3.5 The ASF enzootic area in the three main 
pig-producing provinces of Cameroon.
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Chapter 4.
Antigenic relationship betveen African swine fever virus isolates 
from Cameroon. Europe and other African countries.
4.1 Introduction.
Early attempts to study antigenic variation in African swine 
fever virus isolates were frustrated by the difficulty in obtaining 
antisera to virus antigens because the pigs died too quickly when 
infected with virulent virus. Even when sera could be obtained from 
pigs by inoculating them with ASFV strains attenuated by growth in 
tissue culture (Malmquist, 1962; Botija, 1963; Ribeiro et al.. 1963; 
Hess et al.. 1965; Coggins et al.. 1968) virus isolates could still not 
be differentiated using in vitro neutralisation assays due to lack of 
neutralising antibodies in these sera. Other tests which have been used 
to detect ASF antibody and antigens such as the complement fixation 
test (CFT) (Cowan, 1961), agar gel diffusion test (AGDT) (Malmquist, 
1963), indirect immunoflourescence (IIF) (Bool et al.. 1969),
immuno-electro-osmophoresis (IEOP) (Pan et al., 1972) and radial
immundiffusion (RID) (Pan et al.. 1974), have not been useful in 
differentiating between isolates of ASF virus.
The ability of antibodies in sera to inhibit haemadsorption of 
pig erythrocytes to pig monocytes infected with homologous, and not 
heterologous, virus isolates has been used to demonstrate some 
antigenic differences, thus providing a basis for subgrouping of ASF 
virus isolates (Coggins, 1968; Vigario et al.. 1970, 1974; Plowright,
1986). Vigario et al. (1974) were able to separate nine isolates of 
ASFV from Europe and Africa into three antigenic subgroups using the 
haemadsorption inhibition (HadI) test. The Lisbon/57 and Madeira/65
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isolates and a virus isolate from Katanga, Zaire, were included in 
subgroup A while subgroup B contained the Lisbon/60 isolate, one 
isolate from Spain and another from Angola. Three isolates from 
Mozambique which did not cross-react with any of the immune sera and 
whose strain-specific antisera were not available at the time of the 
test, were all assumed to be members of a different subgroup C.
The results of experiments on the antigenic relationship between 
isolates of ASFV from Europe, Cameroon and other African countries 
using the haemadsorption inhibition test are discussed in this chapter.
4.2 Materials and Methods.
The haemadsorption inhibition test was carried out as described 
by Plowright (1986). Flat bottom 24-well polystyrene tissue culture 
plates (Corning, New York) were used for the test. Four reference 
antisera for the test were prepared by infecting pigs with the 
following isolates of ASFV: Lisbon/57, Lisbon/60, CAM/82 and Malta/78. 
The details of these virus isolates have been described in Chapter 2.2. 
The Malta/78 immune serum was prepared from blood collected from a pig 
which had recovered from infection with the Malta/78 virus. The pig was 
one of the two survivors out of 10 pigs inoculated i/m with 2 ml of 
103,3HAD50 of the virus. In preparing the CAM/82 immune serum, three 
pigs were each given two separate i/m inoculations of 104,1 HAD50 of 
virus one week apart. One pig died a week after the first inoculation 
and blood was collected from the other two after three weeks. The serum 
was prepared and stored at -20°C until required. The preparation of the 
Lisbon/57 and Lisbon/60 antisera was carried out as described for the 
CAM/82 antiserum. These isolates were more virulent in pigs than the 
Malta/78 and CAM/82 viruses, hence blood was collected for serum after 
nine days from the surviving pigs.
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Primary pig bone marrow (PBM) cultures were prepared as 
previously described in Chapter 2.1 and were dispensed in 1.5 ml 
aliquots in 24-well plastic tissue culture plates and incubated for 3 
days at 37°C in a C02 incubator. The cells were inoculated with 0.3 ml 
of the original stock of the different ASFV isolates, using three 
separate wells per isolate, and the plates further incubated at 37°C for 
16 - 20 hours. After discarding the growth medium the cultures were 
rinsed once with PBS and the medium was replaced in two wells with 1.5 
ml of the reference antiserum inactivated at 56°C for 30 minutes and 
diluted 1:5 in growth medium. One well contained only the growth medium 
as a control. The plates were further incubated for 1 - 2  hours and 0.3 
ml of 1% washed homologous pig erythrocytes was added to each well and 
incubated at 37°C for 16 - 20 hours.
Microscopic examination to observe haemadsorption was carried out 
and the results were recorded using a haemadsorption index as follows: 
0 - 30% haemadsorption - Positive HadI 
>30 - 40% haemadsorption - partial HadI 
>40 - 100% haemadsorption - Negative HadI 
100% haemadsorption is equivalent to the haemadsorption in the control 
culture.
4.3 Results.
22 isolates of ASFV were used in the study. The HadI activity of 
the four immune sera against the different virus isolates are 
summarised in Table 4.1. The Lisbon/57 immune serum only cross-reacted 
with the Dakar/59 virus.
The Malta/78 immune serum cross-reacted with all the virus 
isolates used in the study except Lisbon/57, Dakar/59, Katanga/67, 
Malawi/84, Zambia/87 and Tanzania/87.
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The CAM/82 antiserum showed partial HadI with the Angola/70, 
Angola/72 and Katanga/67 viruses, negative HadI with the Lisbon/57, 
Dakar/59, Katanga/67, Malawi/84, Zambia/87 and Tanzania/87 but there 
was a positive HadI with the rest of the virus isolates.
The Lisbon/60 antiserum showed negative HadI with the Lisbon/57, 
Dakar/59, Katanga/67, Angola/70, Angola/72, Malawi/84, Zambia/87 and 
Tanzania/87 and a positive HadI was recorded with the rest of the virus 
isolates.
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Table 4.1 HadI activity of Lisbon/57. Lisbon/60. CAM/82 and Malta/78
immune sera against various isolates of ASFV.
Is o la te s  o f  ASFV. H adI ( + / - }  w ith  immune sera .
Lisbon/57 Malta/78 CAM/82 Lisbon>
Lisbon/60 - + + [ + ]
Sardinia/78 - + + +
Malta/78 - [ + ] + +
Sardinia/82 - + + +
Italy/83 - + + +
Montijo(Lisbon)/84 - + + +
Belgium/85 - + + +
Holland/86 - + + +
CAM/82 - + [ + ] +
CAM/85 - + + +
CAM/86 - + + +
CAM/87 - + + +
CAM/88 - + + +
Namibia/86-1 - + + +
Angola/70 - + partial -
Angola/72 - + partial -
Katanga/67 - - partial -
Lisbon/57 [ + ] - - -
Dakar/59 + - - -
Malawi/84 - - - -
Zambia/87 - - - -
Tanzania/87
[ ] indicates homologous HadI
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The isolates of ASFV used in this study could be placed into five 
groups based on the results of the HadI assays. (Table 4.2). Group 1 
consisted of the Lisbon/60, Malta/78, Sardinia/78, Sardinia/82, 
Italy/83, Montijo (Lisbon)/84, Belgium/85, Holland/86, CAM/82, CAM/85, 
CAM/86, CAM/87, CAM/88 and Namibia/86-1. A subgroup of Group 1 (Group 
la) included the Angola/70 and the Angola/72 viruses. These two virus 
isolates cross-reacted with the Malta/78 antiserum and showed partial 
HadI with the CAM/82 immune serum. Group 2 contained the Katanga/67 
isolate only and it showed partial HadI with the CAM/82 immune serum 
while Group 3 had the Lisbon/57 and Dakar/59 isolates. The Malawi/84, 
Zambia/87 and Tanzania/87 virus isolates did not cross-react with any 
of antisera used in the study, hence they were referred to as the 
ungrouped isolates. Even though these isolates have been placed 
together, they may not belong to the same Had antigenic group.
Table 4.2 Distribution of isolates of ASFV into groups according to 
their HadI activity with Lisbon/57. Lisbon/60. CAM/82 and
Group 3 Ungrouped
Lisbon/57 Malawi/84
Dakar/59 Zambia/87
Tanzania/87
Angola/72
Malta/78 immune sera. 
Group 1 Group 2
Lisbon/60 Holland/86 Katanga/67
Sardinia/78 CAM/82
Malta/78 CAM/85
Sardinia/82 CAM/86
Italy/83 CAM/87
Montijo/84 CAM/88
Belgium/85 Namibia/86-1
Group la
Angola/70
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4.4 Discussion.
The results of this study have shown the Had antigenic 
similarity between the Cameroon and recent European isolates of ASFV 
which consist of Lisbon/60, Malta/78, Sardinia/78, Sardinia/82, 
Italy/83, Montijo(Lisbon)/84, Belgium/85 and Holland/86. One isolate 
from the south western part of Africa, Namibia/86-1, was also shown to 
be antigenically similar to the isolates from Cameroon. The Angola/70 
and Angola/72 virus isolates also showed antigenic relationship by the 
HadI assay with the Cameroon and the recent European isolates.
But the virus isolates from eastern and southern Africa used in 
this study were antigenically different from the Cameroon and the 
recent European virus isolates (Table 4.1, 4.2). Therefore, they were 
putatively placed in the ungrouped isolates since they did not 
cross-react with any of the four antisera used in the study (Table 
4.2).
The virus isolates in Group 3 (Lisbon/57 and Dakar/59) showed Had 
antigenic difference from members of all the other groups of isolates 
of ASFV but were similar to each other.
In an earlier study Vigario et al. (1974) proposed three 
antigenic subgroups of ASF virus based on the HadI assay using two 
virus isolates from Portugal, one isolate each from Madeira, Spain, 
Angola and Katanga, Zaire and three from Mozambique. The Lisbon/60 
virus isolate from Portugal and the isolate from Spain were placed in 
the same subgroup and were observed to be different from virus isolates 
from Africa, except for the Angola/70 isolate which showed 
cross-reactivity with the Lisbon/60 antiserum. They also observed a 
cross-reaction between the Lisbon/57 and the virus isolate from 
Katanga. But the results presented here showed that the Had antigen of 
Lisbon/57 virus isolate is different from the Katanga/67 isolate and
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also different from the other African isolates except the isolate from
Senegal (Dakar/59). It is possible that the virus isolate from Katanga
\
used in this study was different from the isolate used by Vigario et 
al. (1974). These workers also observed a positive HadI with the 
Lisbon/60 antiserum against the Angola/70 virus. The results presented 
here showed a negative HadI for the Lisbon/60 antiserum against the 
Angola/70 virus but a positve HadI was observed with the Malta/78 
immune serum and a partial cross-reactivity with the CAM/82 antiserum 
(Table 4.1). The Angola/70 and Angola/72 isolates were therefore placed 
in a subgroup (Group la) within Group 1.
The antigenic relationship between the Cameroon viruses, 
one isolate from Spain (Badajoz/71) and another from Uganda (attenuated 
Uganda), was investigated using an antibody dependent cellular 
cytotoxicity (ADCC) assay system (Denyer,M., Personal communication). 
Two groups of target cells consisting of IB.RS.2 cells infected with 
the attenuated Uganda ASFV and Vero cells infected with the Spanish 
isolate of ASFV, Badajoz/71, were used in the test with sera from pigs 
ihfected with the CAM/86 and CAM/88 isolates of ASFV. The positive 
controls consisted of antibodies from pigs infected with Belgium/85 and 
the attenuated Uganda viruses. The results of the assay showed that the 
antibodies from the pigs infected with the CAM/86 and CAM/88 isolates 
of ASFV could only mediate ADCC against Vero cells infected with the 
Badajoz/71 virus isolate and not against cells infected with the 
attenuated Uganda virus. This assay further demonstrated the antigenic 
similarity of cell surface antigens between the Cameroon and the recent 
European isolate of ASFV, which in this case was Badajoz/71, and also 
showed the antigenic difference between a Uganda virus and the Cameroon 
isolates.
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The genomic relationship between the virus isolates from 
Cameroon, Europe and other African countries was also investigated by 
restriction enzyme analysis and restriction enzyme site mapping and 
these findings are discussed in Chapters 5 and 6.
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Chapter 5.
Analysis of the genomes of African svine fever virus isolates from
Cameroon.
5.1 Introduction.
Distinct immunological types of ASF virus isolates have not been 
demonstrated using conventional laboratory methods such as
neutralisation assays because of the lack of neutralising antibody in 
immune sera and the virulence of most ASFV isolates for domestic pigs. 
Even though both radioimmunoassay (RIA) and enzyme-linked immunosorbent 
assay (ELISA) (Crowther et al. 1979; Wardley et al. 1979) are known to 
detect anti- ASF virus specific antibody, none of these assays have yet 
been used to distinguish between virus isolates. More recently panels 
of monoclonal antibodies which recognise a number of ASFV structural 
proteins have been used to study the antigenic variation of virus
isolates (Garcia et al. 1986; Pan et al. 1988; Santurde et al. 1988),
but they are not sufficiently sensitive to pick up minor antigenic 
differences between strains.
Restriction enzyme fragment analysis and restriction enzyme site 
mapping have been used to study the variability of the ASF virus genome 
and have been useful for epizootiological investigations. The genomes 
of ASFV isolates from domestic pigs in Europe have been shown to be 
closely related to each other by restriction enzyme analysis (Wesley 
and Tuthill, 1984; Vinuela, 1985; Wilkinson and Dixon, unpublished
results) and also the European isolates are closely related to isolates 
from outbreaks in domestic pigs in the Caribbean and to the isolate 
that caused the 1982 epizootic in Cameroon (Wesley and Tuthill, 1984). 
By using 8 restriction enzymes Wesley and Tuthill (1984) were able to 
classify nine ASFV field isolates into four major groups. Group 1
87
consisted of the East African isolates Hinde I and Uganda (1954), 
Group 2 had the Tengani isolate from Malawi, Group 3 contained the 
Spencer isolate from South Africa and Group 4 consisted of the 
Lisbon/60, Madrid/75, Dominican Republic/78, Haiti/78 and the
Cameroon/82 isolates. The latter three isolates also formed a subgroup 
within Group 4. In contrast, African isolates of ASF virus collected 
from various hosts and from different geographical locations are 
genetically distinct from each other (Wesley and Tuthill, 1984; 
Thomson, 1985; Dixon and Wilkinson, 1988) and are also different from 
the Caribbean, the Cameroon/82 and European virus isolates (Wesley and 
Tuthill 1984).
It is postulated that the present enzootic state of ASF in 
domestic pigs in Cameroon is either due to re-infection of herds with
different viruses from external sources or to the continuous
circulation and persistence of the virus which was introduced in 1982 
being maintained in a cycle of infection between pig herds.
This chapter deals with the characterisation, by restriction
enzyme analysis and mapping, of ASF virus isolates obtained from 
different areas of Cameroon at different times in order to determine 
their relationship.
5.2 Materials and Methods.
The ASF virus isolates used in the study are described in Chapter 
2, section 2.2 and the different areas where they were obtained in 
Cameroon are shown in Figure 5.1. Pigs were infected with 2ml of 
original stock of each virus at a titre of 103-104 HAD50/ml. Virus DNA 
was prepared from infected blood collected from the pigs following the 
method described in Chapter 2, section 2.5.
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Figure 5.1 ASF virus isolates from Cameroon.
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Four restriction enzymes namely BamHI, Asp718, EcoRI and Xbal 
were used for the digestion of the virus DNA prepared from the infected 
packed red blood cells. The end labelling and electrophoresis of the 
digested products were carried out as described in Chapter 2, section 
2.7. Restriction enzyme site maps using BamHI and Asp718 restriction 
enzymes were constructed for the genomes of CAM/82, CAM/86 and CAM/87 
ASFV isolates.The preparation of Southern filters, radioactively 
labelled probes and hybridisation of Southern filters, which are all 
procedures used in the construction of restriction enzyme site maps of 
genomes of virus isolates, have already been described in Chapter 2 
sections 2.8 and 2.9.
5.3 Results.
5.3.1 Restriction enzyme analysis. Four restriction enzymes namely 
BamHI, EcoRI, Asp718 and Xbal were used to digest DNA obtained from 
each virus isolate and the products were analysed by agarose gel 
electrophoresis (Figures 5.2; 5.3). Genomes of isolates obtained in 
1982, 1985 and 1988 were indistinguishable with the four restriction 
enzymes used. The fragment below the Asp718-C fragment in CAM/82 and 
CAM/85 virus genomes was the product of partial digestion and 
disappeared on complete enzyme digestion. The fragment size of the 
digested products of CAM/82 ASF virus DNA with each enzyme was also 
determined by agarose gel electrophoresis with lamda DNA fragments of 
known sizes as markers (Table 5.1). The total size of the CAM/82 ASF 
genome was found to be 172.9, 171.0, 171.4, and 170.5Kbp with BamHI, 
Asp718, Xbal and EcoRI respectively, giving a mean size of 171.4Kbp. 
The 1986 and 1987 isolates differed from the others at the Asp718-N 
restriction fragment, which was lOObp longer in these isolates than in 
the 1982, 1985 and 1988 isolates.
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Table 5.1
DNA
fragment in KbD.
Restriction Enzvmes •
fragments BamHI Asd718 Xbal EcoRI
A 20.0 39.8 21.7(2) 30.2
B 19.1 23.2 16.4 13.9
C 17.6 16.8 13.0(2) 11.0
D 13.3(2)* 15.0 11.5 10.7
E 10.8 14.3 9.5 10.3
F - 13.3 8.7 9.4
G 9.4 9.4 8.4 8.9
H 8.5 9.0 8.0 7.2
I 7-9 8.5 6.6 6.9
J 7.2 5.7 4.4 6.5
K 6.8 3.7 4.1 5.7
L 6.4 2.8 3.8 5.3
M 6.1 2.4 3.3 4.8
N 4.6 2.3 3.2 4.4
0 4.3 2.0 3.1 3.4
P 4.1 1.3(2) 2.8 3.1
Q 3.5 - 2.0 3.0
R 2.5 - 1.4 2.9
S 2.0 - 1.1 2.0
T 1.8 - 0.9 1.9
U 1.2 (2) - 0.9 1.7
V 0.8 - 0.7 1.5
W 0.5 - 0.6 1.4
X - - 0.6 1.2
Y - - - 0.7
Z
No. of
— — - 0.5
fragments. 24 17 26 28
Total size. 172.9 170.8 171.4 170.5
* The number (2) indicates the existence of two fragments 
in the corresponding band.
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In addition, the CAM/86 ASFV genome was 400bp longer than the genomes 
of the other isolates within the BamHI-O, Asp718-H and EcoRI-M
fragments (Figure 5.2). Results of these differences in fragment
pattern are summarised in Table 5.2.
Table 5.2 Comparison of the number of restriction enzyme
fragments conserved in ASFV isolates from Cameroon.
BamHI
CAM/82 CAM/85 CAM/86 CAM/87 CAM/88 Variable
Fragment.
CAM/82 24 24 24(23,1)* 24 24
CAM/85 24 24(23,1) 24 24
CAM/86 24 24(23,1) 24(23,1) 0
CAM/87 24 24
CAM/88 24
EcoRI CAM/82 CAM/85 CAM/86 CAM87 CAM/88 Variable
Fragment.
CAM/82 28 28 28(27,1) 28 28
CAM/85 28 28(27,1) 28 28
CAM/86 28 28(27,1) 28(27,1) M
CAM/87 28 28
CAM/88 28
Asd718
CAM/82 CAM/85 CAM/86 CAM/87 CAM/88 Variable
Fragment.
CAM/82 17 17 17(15,2)* 17(15,2)
CAM/85 ' 17 17(15,2) 17(15,2)
CAM/86 17 17(15,2)
CAM/87 17
CAM/88
Xbal
CAM/82 CAM/85 CAM/86 CAM/87 CAM/88 Variable
Fragment.
CAM/82 26 26 26(24,2)* 26 26
CAM/85 26 26(24,2) 26 26
CAM/86 26 26(24,2) 26(24,2) K & L
CAM/87 26 26
CAM/88 26
* The figures in parenthesis indicate the number of fragments which 
are identical in length (first number) or are within 5% of the total 
length or 500bp(second number).
(15,2) H & N
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Figure 5.2 Restriction enzyme analysis of ASFV DNA from 
the CAM/82, CAM/85, CAM/86 and CAM/87 virus 
isolates using the enzymes BamHI, EcoRI,
Asp718, and Xbal. Bacteriophage lamda 
DNA digested with Hind III enzyme to produce 
fragments of known sizes (Kbp) was used as 
molecular weight markers as indicated. The 
fragment below the Asp718-C fragment in the 
CAM/86 and CAM/87 virus genomes are products of 
partial digestion which disappeared after 
prolonged digestion.
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Figure 5.3 Restriction enzyme analysis of ASFV DNA from 
the Cameroon virus isolates with BamHI enzyme. 
Positions of the molecular weight of markers known 
sizes are indicated.
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5.3.2 Identification of terminal DNA fragments. When ASF virus DNA is 
cleaved by a restriction enzyme and the fragments are denatured and 
quickly renatured, only the terminal fragments become Si 
nuclease-resistant duplex molecules, which can be identified by gel 
electrophoresis (Almendral et al.. 1984). By this procedure the left 
and right terminal fragments of the CAM/86 and CAM/82 ASFV DNA were 
determined using the enzyme BamHI. The identification of restriction 
fragments BamHI-B and BamHI-0 as the left and right terminal fragments 
produced by BamHI restriction enzyme are shown in Figure 5.4. The 
CAM/86 virus isolate was different from the others when digested with 
BamHI at the right terminal fragment, BamHI-0, which was about 400bp 
larger in size in the Cam/86 virus genome than it was in the other four 
isolates (Figure 5.4).
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Figure 5.4 Terminal fragments in the CAM/82 and CAM/86 
ASFV genomes, 
a = BamHI fragments of the CAM/82 ASFV genome, 
b = Terminal fragments of the CAM/82 ASFV genome, 
c = BamHI fragments of the CAM/86 ASFV genome, 
d = Terminal fragments of the CAM/86 ASFV genome.
B = Left terminal fragment.
0 = Right terminal fragment.
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5.3.3 Restriction enzyme site mapping of ASF virus genomes
Since similarity in size on its own is not a sufficient criterion 
to make conclusions on fragment homology, restriction enzyme site 
mapping was carried out by cross-hybridisation of cloned ASF virus DNA 
with Southern blots of BamHI and Asp718 restriction digests of virus 
DNA from the Cameroon isolates. The sequential order of the restriction 
fragments was deduced by cross-hybridisation with both plasmid clones 
of the Vero cell-adapted Spanish isolate of ASF virus DNA (Ley et al., 
1984) and bacteriophage lamda DNA clones containing ASF virus DNA 
inserts from the Malawi isolate (Lil 20/1) (Dixon, 1988). The results 
of the hybridisations from which the Asp718 and BamHI maps of the 
genomes were deduced are summarised in Tables 5.3 and 5.4.
By comparison of the Asp718 and BamHI restriction enzyme 
site maps of the five genomes it was observed that the fragment order 
for the five isolates was the same (Figure 5.5). The Asp718-N fragment 
mapped to the central region of the genome (89-91Kbp). The size 
difference in this variable fragment between the genomes of CAM/86, 
CAM/87 and the other isolates was about lOObp, with the fragment being 
larger in the former two isolates. The BamHI-0 and Asp718-H fragments 
mapped to the right terminus of the genome (12Kb from the right end) 
(Figure 5.5). The variation in length in this region between the CAM/86 
ASF virus DNA and the other isolates was found to be 400bp.
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Table 5.3 Happing of Asp718 fragments from the genomes of ASF virus
isolates from Cameroon.
Restriction enzyme fragment hybridising to probe.
Probe. CAM/82 CAM/86 CAM/87
RK' A,H A,H A,H
SB A,B,P A,B,P A,B,P
RC A,B,D A,B,D A,B,P *
RB D,I,N,P' D,I,N,P' D,I,N,P'
RG G,M,0 G,M,0 G,M,0
RC' F,G F,G F,G
SD F, J,L F, J,L F, J,L
RD C, J,L C, J,L C, J,L
SE C,E C,E C,E
RD' H,K H,K H,K
LMw9 D,I,P D,I,P D,I,P
LMwlO D,G,I,P D,G,I,P D,G,I,P
LMw22 E,K E,K E,K
Because of the identical electrophoretic mobility of the restriction 
enzyme fragments of ASF virus DNA from CAM/82, CAM/85 and CAM/88, only 
the CAM/82 genome was mapped to represent the latter isolates..
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Table 5.4 Happing of BamHI fragments from the genomes of ASP virus 
isolates from Cameroon.
Restriction enzyme fragment hybridising to probe.
Probe CAM/82 CAM/86
RK' B, 0 B, 0
HC B B
RJ B, C B C
RA/SC c, Q, I C Q, I
SI' I, G I G
SB G, A G A
SF'/KB A, W A W
RC w, K, T, S W K, T,
SA/KD K, T, S, u, V, L K T, S,
RB v, L, E V L, E
RG E,D E D
RC' D, U' D U'
LMw9 E, L, S, T, u, V E L, S,
SD D, U', H D U', H
RD H, D' H D'
SI D' D
RP D' D
LMwl6 D' , H' D , H'
RH H' H
SE H', M, P H , M, P
SH P, N, R P N, R
HJ J R J
RD' J, 0 J 0
The restriction enzyme site map of the CAM/82 DNA is the same as that 
of CAM/85, CAM/87 and CAM/88 DNA.
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In order to identify more precisely the regions in which 
differences were observed between the five isolates by restriction 
enzyme analysis, the virus genomes were further digested with Hind III 
and Ncol which produce more fragments. The digested products were 
blotted on to a filter after electrophoresis on 0.6% agarose gel and 
hybridised with ASF virus DNA clones containing inserts from the 
central and the right end of the genome. The restriction enzyme Ncol 
produced four fragments within the last 12Kb of the right terminus of 
the genome while Hind III produced five fragments within the same 
region (Figure 5.6). A comparison of the right terminus of the genomes 
after hybridising Ncol and Hind III Southern blots to the appropriate 
ASF virus DNA clones revealed that there were two variable regions 
lying within 164-167.5Kb and 169.5-172Kb from the right terminus of 
the genome (Figure 5.7). The variation in length of the first variable 
region designated as VR-1 (Figure 5.7) was lOObp between the CAM/86 ASF 
virus DNA and the others. The variation in the second variable 
fragment, designated VR-2, (Figure 5.7) was 300bp, being larger in the 
CAM/86 ASFV genome.
Southern blots prepared from virus DNA fragments of the CAM/82, 
CAM/86 and CAM/87 ASFV isolates after digesting with the restriction 
enzymes Asp718, Ncol and Hind III were used to hybridise with the 
plasmid DNA clone RB, which hybridises with DNA fragments which map to 
the central region of the genome.
By this method a fragment difference was observed between the 
genomes of CAM/86 and CAM/82 within the 89-91 Kbp region and was about 
lOObp in size. This third variable region was designated VR-3 (Figure
5.8) and was the same size in the CAM/86 and CAM/87 virus genomes.
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Figure 5.6 Hybridisations of plasmid DNA clone RD' with:
(1) Ncol digests of the CAM/82 and CAM/86 virus DNA
(2) Hind III digests of the CAM/82 and CAM/86 virus DNA. 
The positions of the molecular weight markers are 
indicated.
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Figure 5.7 Restriction enzyme site maps of DNA fragments from the 
right terminus of the CAM/86 ASFV genome showing the 
variable regions, VR1 and VR2. N.B. Double lines indicate 
variable regions as observed with the corresponding 
restriction enzyme.
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Figure 5.8 Variable regions in the genomes of ASFV isolates 
from Cameroon.
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Figure 5.9 Genome comparisons of isolates of ASFV from 
Zambia (1986-1988) and Malawi (1987). 
Sumption et al. (unpublished results).
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5.4 Discussion.
Restriction enzyme analysis of genomes of African swine fever 
virus isolates obtained from different areas and at different times in 
Cameroon carried out with the restriction enzymes BamHI, EcoRI, Asp718 
and Xbal, showed that the genomes of the isolates obtained in 1982, 
1985, and 1988 were indistinguishable. (Figures 5.2; 5.3). The genome 
of the CAM/87 virus differed from those of the other three isolates 
when analysed with Asp718 at the Asp718-N fragment (Figure 5.2). The 
DNA of the 1986 isolate (CAM/86) consistently differed from all others 
at the right terminal fragment (Figure 5.2) when analysed with the four 
restriction enzymes used in the study. Another difference in fragment 
mobility was observed in the CAM/86 virus DNA with the enzyme Asp718 at 
the Asp718-N fragment position (Figure 5.2).
The total size of the CAM/82 virus genome was found to be 172.9, 
171.0, 171.4 and 170.5Kbp with BamHI, Asp718, Xbal and EcoRI, giving a 
mean size of 171.4Kbp. This genome was the same as those of the CAM/85, 
CAM/87 and CAM/88 virus isolates because the restriction enzyme 
fragment patterns and restriction enzyme site maps were identical 
(Figures 5.3; 5.5). The size of the CAM/86 virus genome was 171.4Kbp 
with Asp718 and 173.3Kbp with BamHI, giving a mean size of 172.4Kbp.
By comparing the Asp718 and BamHI restriction enzyme site maps of 
the CAM/82 and CAM/86 virus isolates, the fragment order in both 
isolates was observed to be the same (Figure 5.5). Restriction enzyme 
site mapping of the genomes of the CAM/85, CAM/87 and CAM/88 virus 
isolates was not carried out because the restriction enzyme fragment 
patterns were indistinguishable from that of the CAM/82 isolate 
(Figures 5.2; 5.3).
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The variable fragment - Asp718-N - in the CAM/86 ASFV DNA mapped 
to the central region of the genome while the variable fragments, 
Asp718-H and BamHl-O, in the same genome mapped to the right terminus 
(Figure 5.5). Similar results showing the presence of a central and 
right terminal variable regions were obtained by Wilkinson et al. 
(unpublished results) on the restriction enzyme analysis and site 
mapping of DNA from recent European ASF virus isolates. A variable 
central region of the ASFV genome was also observed by Sumption et al. 
(unpublished results) in virus isolates from pigs in Eastern Zambia 
and Malawi. The central variable region, VR3 (Figure 5.8), in the 
present study corresponded to the VR4 region in the genome of the 
Malawi (Lil 20/1) and Zambian ASFV isolate (Figure 5.9). This variation 
in the central region was not observed by Blasco et al.(1989) who 
reported a conserved 125Kbp central region of the genome from Sail 
restriction enzyme site mapping. Wilkinson et al. used BamHI to map 
the genomes and Asp718 was used in addition to BamHI to map the 
genomes in this study. Both enzymes cut the virus genome more 
frequently in the central region than Sail which was used by Blasco et 
al. (1989). Hence it was possible to identify small length variations 
in the middle of the genome.
Most variations between ASFV genomes occur at both ends 
(Vinuela, 1985; Dixon and Wilkinson, 1988; Blasco et al.. 1989; Dixon 
et al.. 1989; Sumption et al.. unpublished results) and also in the 
middle (Dixon et al.. 1989; Wilkinson et al.« unpublished results; 
Sumption et al.. unpublished results). Therefore, by determining the 
terminal fragments of the CAM/86 and CAM/82 virus DNA after treating 
the BamHI digests with SI nuclease (Figure 5.4), the fragments BamHI-B 
and BamHI-0 were shown to be the left and right terminal fragments
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respectively, and the right terminal fragment, BamHI-O, corresponded to 
one of the variable fragments observed in the CAM/86 virus DNA (Figure 
5.4).
Other restriction enzymes such as Hind III and Ncol which produce 
more than 30 fragments were used in mapping the variable regions 
observed in the Cameroon ASFV genome. A comparison of the right 
terminus of the genomes of CAM/82 and CAM/86 ASFV isolates showed the 
presence of two variable regions located 164-167.5Kbp and 169.5-172Kbp 
from the right terminus (Figure 5.7), making a total of three variable 
regions in the Cameroon ASF virus DNA. The two variable regions, VR2 
and VR1, corresponded to the VR7 and VR1 regions which are the last two 
variable regions to the right end in the genome of the Malawi (Lil 
20/1) and the Zambian ASFV isolates (Figure 5.9). These observations 
differ from those of Blasco et al. (1989) who described only one 
variable region in the right terminus of the ASFV genome which spans 
from 13-16Kb from the terminus.
The variation between genomes of various ASFV isolates has 
generally resulted from differences in the length of restriction enzyme 
fragments in the variable regions located within 40Kb from the left 
terminus, 25Kb from the right terminus and in both termini of the 
genome (Vinuela, 1985; Dixon and Wilkinson, 1988; Blasco et al.. 1989; 
Dixon et al.. 1989; Sumption et al.. unpublished results). Variations 
were also observed in one fragment in the middle of the genome (Dixon 
et al.. 1989; Sumption et al.. unpublished results). Terminal inverted 
repeat sequences consisting of multiple sets of tandem repeats of total 
length 2.4Kb have been characterised in the genome of ASF virus (Sogo 
et al.. 1984; Vinuela et al.. personal communication). Small variations 
in the length of fragments located within 2.4Kb from both termini 
probably resulted from variation in the number of tandem repeats within
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the terminal inverted repeats as has been observed in the Poxvirus 
genomes (Moss et al.. 1981). Such tandemly repeated sequences were also 
analysed for two other variable regions, one located 25Kb from the 
right terminus and the other in the middle of the genome of the Lil20/1 
isolate from Malawi (Dixon et al.. unpublished results). It is possible 
that variation in length in the terminal fragments of the genome of 
ASFV isolates from Cameroon could also be explained by variation in the 
number of tandem repeats present within the terminal inverted 
repetitions.
The ASFV isolates obtained in 1982, 1985, 1987 and 1988 came from 
areas within a radius of 200Km in the North West and West Provinces 
(Figure 5.1) and the genomes of these isolates were indistinguishable 
by restriction enzyme analysis and mapping. The CAM/86 ASFV isolate 
whose genome showed small variations from the others in the centre and 
the right terminal regions came from the coastal town of Limbe in the 
South West Province situated about 265Km from the West Province (Figure 
5.1).
Although small differences were observed between the genomes of 
these ASFV isolates from Cameroon, they were considered to belong to 
the same group based on the very similar restriction enzyme site maps 
of their genomes. This is evidence that the enzootic state of ASF in 
the domestic pig population in Cameroon is due to the continuous 
circulation of the virus of the 1982 epizootic. The possibility that 
virus isolates which are very closely related to those present within 
the country have been introduced from other countries has been 
investigated by restriction enzyme analysis and restriction enzyme site 
mapping of genomes of ASF virus isolates from Cameroon, Europe and 
other African countries and the results are presented in Chapter 6.
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Chapter 6.
Comparison of genomes of African swine fever virus isolates from 
Cameroon. Europe and other African countries.
6.1 Introduction.
It has been established by restriction enzyme analysis and 
mapping restriction enzyme sites on genomes, that ASF virus isolates 
obtained from different parts of Cameroon at different times were very 
similar to each other (Chapter 5). It was shown in previous studies 
that genomes of virus isolates obtained from outbreaks in domestic pigs 
in Europe were closely related to each other (Wesley and Tuthill, 1984; 
Vinuela, 1985; Blasco et al.. 1989; Wilkinson and Dixon, unpublished 
results) and that European isolates were closely related to those from 
outbreaks in domestic pigs in the Caribbean and the isolate that caused 
the ASF epizootic in Cameroon in 1982 (Wesley and Tuthill, 1984). The 
origin of some outbreaks in Europe were traced back to the Iberian 
peninsula on the basis of epizootiological information and evidence 
from restriction enzyme analysis and restriction enzyme site maps of 
the genomes of the virus isolates (Wilkinson, 1986; Wilkinson and 
Dixon, unpublished results). In contrast, other African isolates of ASF 
virus collected from various hosts in different geographical locations 
over a long timespan were genetically very diverse (Wesley and Tuthill, 
1984; Thomson, 1985; Dixon and Wilkinson, 1988; Sumption et al.. 
unpublished results). However, all the African isolates used by these 
workers were obtained from the eastern and southern parts of Africa. 
Outbreaks of ASF have been reported in other parts of the continent 
such as Benin, Senegal and Guinea Bissau in the west, Central African
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Republic, Tchad, Congo, Zaire and Burundi in central Africa and Sao 
Tome, Angola and Namibia in the south west (Tables l.gand 1.3).
This chapter presents results comparing isolates of ASFV from 
Cameroon, Europe and other African countries by restriction enzyme site 
mapping their genomes.
6.2 Materials and Methods.
The ASF virus isolates used in the study were described in 
Chapter 2.2. The European isolates included Lisbon/57, Malta/78, 
Sardinia/78, Sardinia/82, Italy/83, Montijo(Lisbon)/84 and Belgium/85 
while the African isolates included the Dakar/59, Katanga/67, 
Angola/70, Angola/72, Mozambique/79, Malawi/84, Namibia/86-1, 
Zambia/87, Tanzania/87 and the Cameroon isolates. Cross-bred Large 
White/Landrace pigs of 20-30 kg live weight were used to obtain 
infected red blood cells. 2ml of original stock of each virus at a 
titre of 103-104 HAD50/ml was injected intramuscularly per pig. The 
collection of infected blood from the pigs and the preparation of virus 
DNA from the infected packed red blood cells was carried out as 
described in Chapter 2.5.
Four restriction enzymes namely BamHI, EcoRI, Asp718 and Xbal 
were used to digest virus DNA prepared from infected red blood cells. 
End-labelling and electrophoresis of the digested products were 
performed as described in Chapter 2.7. The BamHI restriction enzyme 
site maps of the genomes of the European isolates which were 
constructed by Wilkinson et al. (unpublished results) were compared 
with those of the genomes of the Cameroon isolates. BamHI restriction 
enzyme sites were also mapped on the genomes of the ASFV isolates from 
Zaire, Senegal and Angola and these compared with those of the genomes 
of the Cameroon isolates (Chapter 5) and an isolate from Malawi
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(Lil 20/1) (Dixon, 1988). The preparation of Southern filters, 
radioactively labelled probes and hybridisation to Southern filters 
which are all procedures used in the construction of restriction enzyme 
site maps have been described in Chapters 2.8 and 2.9.
6.3 Results.
6.3.1 Restriction enzyme analysis of genomes of the European and
Cameroon ASFV isolates.
Four restriction enzymes, BamHI, Asp718, EcoRI and Xbal, were 
used to digest the DNA obtained from the various ASFV isolates and the 
products analysed by agarose gel electrophoresis. This shows that the 
genomes of the Cameroon ASFV isolates were very similar to the recent 
European isolates (Figures 6.1, 6.2, 6.3 and 6.4), although one 
fragment (BamHl-L, Asp718-I) varied in length between the isolates. The 
CAM/86 ASFV isolate also differed from the other isolates in the 
mobility of the Asp718-H and BamHI-0 fragment.
6.3.2 Comparison of the BamHI restriction enzyme site maps of genomes
of the European and Cameroon isolates of ASFV.
The order of the BamHI restriction enzyme fragments on the 
genomes of the virus isolates from Europe and Cameroon used in the 
study were observed to be the same except for the Lisbon/57 virus 
isolate (Figure 6.5). The right terminal fragment differed in size in 
the genomes of the CAM/86 and Lisbon/57 virus isolates but it was 
observed to be the same size in the genomes of the other virus isolates 
(Figure 6.5). The BamHI-L fragment located in the central region of the 
genome showed a variation in size in the genomes of the virus isolates 
(Figure 6.5). The sizes of the BamHI-L fragments are given in Table 
6.1.
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Figure 6.1 Restriction enzyme analysis of genomes of the Cameroon and 
the recent European isolates of ASFV using BamHI. Lane 
1. Malta/78, 2. Sardinia/78, 3. Sardinia/82, 4. Italy/83,
5. Montijo (Lisbon)/84, 6. Belgium/85, 7. CAM/82,
8. CAM/85, 9. CAM/86, 10. CAM/87. The figures indicate the 
sizes of the molecular weight markers in Kbp.
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Figure 6.2 Restriction enzyme analysis of virus DNA from the Cameroon 
and the recent European isolates of ASFV with EcoRI. Lane 
1. Malta/78, 2. Sardinia/78, 3. Sardinia/82, 4. Italy/83,
5. Montijo (Lisbon)/84, 6. Belgium/85, 7. CAM/82,
8. CAM/85, 9. CAM/86. The figures indicate the sizes of the 
mol.wt. markers in Kbp.
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Figure 6.3 Restriction enzyme analysis of Asp718 DNA fragments from 
the genomes of the Cameroon and the recent European 
isolates of ASFV. Lane 1. Malta/78, 2. Sardinia/78,
3. Sardinia/82, 4. Italy/83, 5. Montijo (Lisbon)/84,
6. Belgium/85, 7. CAM/82, 8. CAM/85, 9. CAM/86. The figures 
indicate the sizes if the molecular weight markersin Kbp.
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Figure 6.4 Restriction enzyme analysis of genomes of the recent 
European and Cameroon isolates of ASFV vith the restriction 
enzyme Xbal. Lane 1. Malta/78, 2. Sardinia/78,
3. Sardinia/82, 4. Italy/83, 5. Montijo (Lisbon)/84,
6. Belgium/85, 7. CAM/82, 8. CAM/85, 9. CAM/86,
10. CAM/87. The figures indicate the sizes of the molecular 
weight markers in Kbp.
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Table 6-1 Sizes of the BamHT—l restriction enzyme fragments in 
genomes of isolates of ASFV from Cameroon and Europe (Kbp). 
Belgiurr/85 6.4 Sardinia/78 6.5 Malta/78 6.6
Montijo/84 6.5
CAM/86 6.5
CAM/82
CAM/85
CAM/87
CAM/88
6.4
6.4
6.4
6.4
Sardinia/82 6.6 
Italy/83 6.6
The Lisbon/57 virus isolate had an additional 6Kb sequence in 
the left region about 10Kb from the left terminus of the genome and 
varied in the size of two fragments close to the right terminus (Figure 
6.5).
The Cameroon and the recent European isolates used in this study 
could be separated into 4 groups based on the variation in size of the 
BamHI-L fragments even though their restriction enzyme fragment 
patterns were very similar (Table 6.2). Group 1 contained Belgiuin/85, 
CAM/82, CAM/85, CAM/87 and CAM/88 isolates. Group 2 included
Monti jo/84, Sardinia/78 and CAM/86 while Group 3 was made up of 
Malta/78, Sardinia/82 and Italy/83 isolates of ASFV. The genome of the 
CAM/86 virus isolate contained an additional variation in the right 
terminal fragment which differed from the other members of Group 2, so 
it could actually be placed in a subgroup (Group 2a) within Group 2.
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Table 6.2 Distribution of isolates of ASFV from Cameroon and Europe 
into groups based on the sizes of the? BamHT-L restriction 
enzyme fragments.
Group 1 Group 2 Group 3
Belgiuir/85 Montijo/84 Malta/78
CAM/82 Sardinia/78 Sardinia/82
CAM/85 Group 2a Italy/83
CAM/87 CAM/86
CAM/88
6.3.3 Restriction enzyme analysis of genomes of isolates of ASFV from
Cameroon and other African countries.
Virus DNA prepared from isolates from Cameroon, Senegal, Zaire, 
Angola, Namibia, Malawi, Zambia and Mozambique were digested with the 
restriction enzyme BamHI and the digested products were analysed by 
agarose gel electrophoresis. The restriction enzyme fragment patterns 
of genomes of the virus isolates from the east and south east of Africa 
(Tanzania, Malawi, Zambia and Mozambique) were very different from 
those of the genomes of the Cameroon virus isolates and were also 
different from each other (Figures 6.6, 6.7,6.8).
The genomes of virus isolates from the south west of Africa 
(Zaire, Angola, Namibia) were similar to each other and were also 
similar to the genomes of the virus isolates from Cameroon (Figures 
6.6, 6.7).
The genome of the Dakar/59 virus isolate from Senegal in West 
Africa was very similar to the genomes of the South West African virus 
isolates and was also similar to the genomes of the viruses from 
Cameroon (Figure 6.7). The Dakar/59 and the South West African isolates 
were genetically very different from the east and south east African 
virus isolates (Figure 6.6).
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Figure 6.6 Restriction enzyme analysis of genomes of ASFV isolates from 
Europe^ Cameroon and other African countries vith the 
restriction enzyme BamHI. Lane 1. CAM/82, 2. CAM/86,
3. Dakar/59, 4. Katanga/67, 5. Angola/70, 6. Angola/72,
7. Namibia/86-1, 8. Tanzania/87, 9. Zambia/87,
10. Malawi/84. The figures show positions and sizes of the 
mol. wt. markers in Kbp.
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Figure 6.7 Restriction enzyme analysis of genomes of ASFV isolates 
from Cameroon, the Vest and South West African countries 
with BamHI. Lane 1. CAM/82, 2. CAM/86, 3. Dakar/59,
4. Katanga/67, 5. Angola/70, 6. Angola/72. The figures 
indicate mol. wt. markers.
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Figure 6.8 Restriction enzyme analysis of some genomes of ASFV 
isolates from Cameroon and other African countries
with the enzyme BamHI. The figures indicate mol.vt. 
markers.
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6.3.4. Comparison of the BamHI restriction enzyme site maps of genomes 
of the Cameroon and other African isolates of ASFV 
The BamHI restriction enzyme site maps were constructed for the 
genomes of the ASFV isolates from Senegal (Dakar/59), Zaire 
(Katanga/67) and Angola (Angola/70 and Angola/72). The order and the 
sizes of the restriction enzyme fragments were determined (Table 6.3; 
Figure 6.9). The restriction enzyme fragment order was the same for the 
genomes of ASFV isolates from Angola and Zaire but these two differed 
from that of the Dakar/59 isolate which showed a deletion of the BamHI- 
F fragment in the left terminus of the genome (Figure 6.9).
The sizes of the genomes were determined to be 167.4 Kbp for the 
Dakar/59, 178.2 Kbp for Katanga/67 and 177.3 Kbp for the virus isolates 
from Angola (Angola/71, Angola/72) (Table 6.3).
A comparison of the restriction enzyme site maps showed that the 
order of the fragments of the genomes of the Cameroon virus isolates, 
differed from those of the two Angola viruses, Katanga/67 and Dakar/59 
virus isolates (Figure 6.9, 6.10).
No fragment size variations were observed within the BamHI-L 
fragment, which maps to the central region of the genome, for the DNA 
of CAM/82, cam/85, CAM/87, CAIV'88, Angola/70, Angola/72 and Dakar/59 
virus isolates.
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Figure 6.9 BamHI restriction enzyme site maps of virus genomes of the 
Cameroon, Angola, Katanga/67 and Dakar/59 isolates of ASFV. 
The variable regions in each genome are indicated.
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Figure 6.10 Hybridisation of the plasmid DNA clone RK' with the BamHI 
digests of the genomes of the CAM/82, CAM/86, Dakar/59, 
Katanga/67, Angola/70, Angola/72 and Lisbon/57 isolates of 
ASFV. The molecular wt. markers are indicated by the 
figures in Kbp.
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Table 6.3 Order of RamHi restriction enzyme fragments and sizes in
Kbp of genomes of ASFV isolates from Senegal, Zaire and 
Angola.
jnts
F
Dakar/59 Katanaa/67
9.7
Angola/70
9.7
A' 26.9 A' 28.0 26.9
Q 3.5 3.5 3.5
I 7.7 7.7 7.7
G 8.4 8.4 8.4
A 20.0 20.0 20.0
W 0.5 0.5 0.5
K 6.8 6.8 6.8
T 1.8 1.8 1.8
S 2.1 2.1 2.1
U 1.3 1.3 1.3
V 1.0 1.0 1.0
L 6.4 6.6 6.4
E 9.4 9.4 9.4
D 12.3 12.3 12.3
U' 1.3 1.3 1.3
H 8.2 8.2 8.2
D' 12.3 12.3 12.3
H' 8.2 8.2 8.2
M 6.2 6.2 6.2
P 4.4 4.4 4.4
N 4.5 4.5 4.6
R 2.6 2.6 2.6
J 7.0 7.0 7.0
0 4.6 4.7 4.7
Total size 167.4 178.2 177.3
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Figure 6.11 BamHI restriction enzyme site map of the virus genome of 
the Lil 20/1 isolate of ASFV from Malavi. Abstracted from 
Dixon (1988).
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The virus isolates from Cameroon with the exception of the CAM/86 
had BamHI-L fragments which were the same in size as those of the 
genomes of the two viruses from Angola and the one from Senegal (Figure
6.9).
Variations were also observed in the Angola viruses, Katanga/67 
and Dakar/59 isolates in the left terminal region, the region about 10 
- 35 Kb from the left terminus, the region about 10 - 20 Kb from the 
right terminus and right terminus of the genome (Figure 6.9). The right 
terminal fragment was the same in the genomes of the Angola and 
Katanga/67 isolates but differed from that of the Dakar/59 isolate 
(Figure 6.9; 6.10) and the difference was about 100 bp. The genomes of 
the Katanga/67 and Dakar/59 virus isolates did not differ within the 
region about 10 - 20 Kb from the right terminus of the genome.
The virus genome of the Lil 20/1 isolate from Malawi was very 
different from those from Cameroon and the other isolates from the West 
and South West of Africa by restriction enzyme site mapping (Figure 
6.11) and it showed a marked difference in the order of the restriction 
enzyme fragments compared with the other virus isolates.
6.4 Discussion
Restriction enzyme analysis of genomes of ASF virus isolates from 
Cameroon, Europe and other African countries showed that the isolates 
from Cameroon and Europe were very closely related except for the 
Lisbon/57 genome which had a longer left terminal region of the genome 
than others. Also, the genomes of the isolates from Angola, Zaire and 
Senegal were similar to the Cameroon and the recent European isolates. 
Virus isolates from Angola and Katanga had a long left terminal left 
region similar in size to the Lisbon/57 isolates. Isolates from East
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and South East Africa were genetically different from the Cameroon and 
the European isolates and also different from each other.
Comparison of the BamHI restriction enzyme site maps of the virus 
genomes of the Cameroon and the recent European isolates showed a 
variation in length of the BamHI-L fragment which maps to the middle of 
the genome (Figure 6.5; Table 6.1). By comparing the variation in the 
size of the BamHI-L fragment, the Cameroon and the recent European 
isolates were separated into 4 groups: Group 1 contained the
Belgiuit/85, CAM/82, CAiy85, CAM/87 and CAM/88 isolates while Group 2 
had the Montijo/84 and Sardinia/78 isolates with a subgroup 2a 
containing the CAM/86 isolate only. The CAM/86 virus isolates was put 
into a subgroup (Group 2a) because of the additional difference in size 
of the right terminal fragment despite the equality in size of the 
BamHI-L fragment with the other members of Group 2. Group 3 was made up 
of the Malta/78, Sardinia/82 and Italy/83 virus isolates (Table 6.2).
Other workers have reported similarity in the restriction enzyme 
fragment patterns of genomes of ASF virus isolates obtained from 
outbreaks in domestic pigs in Europe, the Caribbean and the 1982 ASF 
outbreak in Cameroon (Wesley and Tuthill, 1984; Vinuela, 1985; 
Wilkinson et al., unpublished results), and the results presented in 
this study were similar to their findings about the genomes of isolates 
from Cameroon and Europe. Although the Lisbon/57 virus isolate showed 
a similar restriction enzyme fragment pattern to those of the genomes 
of the Cameroon isolates, differences in fragment sizes were observed 
at both ends of the genome (Figure 6.5); it had an additional 6 Kb 
sequence at a position about 10 Kb from the left terminus (Vinuela, 
1985; Wilkinson et al.. unpublished results).
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Comparing the genomes of ASFV isolates from Cameroon with those 
of isolates from other African countries by restriction enzyme analysis 
showed that the virus isolates from Senegal (Dakar/59), Zaire 
(Katanga/67), Angola (Angola/70, Angola/72) and Namibia (Namibia/86--l) 
were all similar to the genomes of the Cameroon and the European 
isolates of ASFV. The genomes of the virus isolates from East and South 
East Africa were genetically very different from the isolates from 
Cameroon, Europe, the West and South West African countries, and were 
also very different from each other. The RK' plasmid clone which 
contains DNA from the left terminus of the BA71V Spanish isolate (Ley 
et_al., 1984) hybridised to two fragments in the genome of the 
Katanga/67 virus isolate, BamHI-A' and BamHI-F (Figure 6.10). This 
resulted in the construction of two alternative restriction enzyme site 
maps for the genome of the Katanga/67 ASFV isolate (Figure 6.9). Two 
possible explanations could be given for this phenomenon.
First, it is possible that the virus DNA was extracted from two 
virus populations in the Katanga/67 virus isolate which differed in the 
left terminal fragment of their genomes as observed by the cross­
hybridisation with the RK' plasmid clone (Figure 6.10). In the 
Katanga/67B virus population, a deletion may have occurred near the 
end of the genome which was the same size as the BamHI-F fragment and 
also removed the Sal I site between fragments F and A'. The genome map 
would therefore have a left terminal fragment the same length at the A' 
fragment and no F fragment (Figure 6.9). The Katanga/67A virus 
population would have the BamHI-F fragment as the left terminal 
fragment since the F fragment in the Katanga/67B DNA was of reduced 
intensity compared to those in other virus isolates (Figure 6.10). This 
indicates that the F fragment is present in a reduced molar ratio
130
supporting the hypothesis that two virus populations were present in 
the Katanga isolate. The other possible explanation is that the 
Katanga/67 virus probably has sequences in the BamHI-A' fragment which 
were either the 360 multigene family or tandem repeats closely related 
to those in the terminal inverted repetitions as observed in the BA71V 
strain of ASFV (Gonzalez et_al., 1989), and these hybridise with the 
RK' plasmid DNA clone. The Lisbon/57 and Angola viruses did not show 
such hybridisations with the RK' plasmid clone, hence they do not have 
these sequences within the BamHI-A' fragment.
However, a comparison of the restriction enzyme site maps of the 
genomes of the Cameroon and the West and South West African isolates 
showed that there were variations in the central and both termini of 
the genome (Figure 6.9). The order of the restriction enzyme fragments 
was the same only for the virus isolates from Angola and the
Katanga/67A and the same for the Katanga/67B and Dakar/59 isolates
(Figure 6.9). The order of the restriction enzyme fragments of the 
genome of the Lil20/1 isolate from Malawi (Dixon, 1988) was very 
different from those of the other virus isolates. However, Dixon 
(1988) observed that some BamHI fragments were conserved or were
similar in length both in the Lil 20/1 and European isolates. These 
fragments were generally located in the right terminal 50 Kb, 
indicating that this region contained (by comparison) the most 
conserved sequences of the genome.
The genetic diversity of ASF virus isolates from the East and 
South East of Africa has been reported by other workers (Dixon and 
Wilkinson, 1988; Sumption et al.. unpublished results). It is also
known that in these areas the virus is present in warthogs, soft ticks 
and domestic pigs (Haresnape and Mamu, 1986; Haresnape et al., 1988
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Wilkinson et al.* 1988). It is, therefore, possible that the genetic 
diversity observed in virus isolates from these areas may reflect the 
selective pressure imposed by the genetically different hosts in the 
area. On the other hand, the similarity of isolates from domestic pigs 
in Cameroon, Europe, West and South West of Africa indicated that all 
these domestic pig isolates may have originated from a single 
introduction of ASF virus from a wildlife source into the domestic pig 
population. Once introduced into this population the virus was readily 
transmitted between pigs.
The results of this study have shown that the persistent 
outbreaks of ASF in domestic pig populations in Cameroon may have been 
due to the reintroduction of closely related virus isolates from 
infected areas outside the country. However, the possible role of soft 
ticks and warthogs in the transmission and persistence of the disease 
was considered and the results of the search for these vectors and 
reservoir hosts in the three main pig-producing provinces of Cameroon 
are reported in Chapter 9.
132
Chapter 7.
The pathogenicity of the CAM/86 and CAM/88 isolates of African swine
fever virus in domestic pigs.
7.1 Introduction
The restriction enzyme analysis of genomes of ASFV isolates from 
Cameroon (Chapter 5) showed that there are probably two genetically 
very closely related virus groups persisting within the pig population 
in the country; one group consists of the CAM/82, CAM/85, CAM/87 and 
CAM/88 ASFV isolates while the other includes the CAM/86 isolate only. 
The main differences between the two groups were variations in the size 
of one fragment occurring in the central region of the genome and two 
fragments in the right terminal region of the genome.
One of these isolates, CAM/82, has been previously used to infect 
pigs and the disease it produced was compared with that produced by 
other ASFV isolates from Malta, Dominican Republic and Brazil 
(Ekue et al.. 1989). It produced moderate lesions in infected pigs with 
ill-defined clinical signs. The mortality rate was low (33£) and there 
was clinical recovery of 7 of the infected pigs.
This chapter reports the results of the responses of pigs 
infected with the CAM/88 and CAM/86 ASF virus isolates selected to 
represent the two groups circulating within the pig population of the 
country.
7.2 Materials and Methods.
Cross-bred Large White/Landrace pigs of 20-30 kg live weight were 
used in the study and they were divided into two groups of ten pigs 
each of which were kept in two separate rooms in the large animal iso­
lation compound. Before infecting the animals preinoculation sera were 
collected. Each pig in Group 1 was inoculated intramuscularly (i/m)
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with 102-6HAD50 of the CAM/8fy virus and each pig in Group 2 was 
inoculated i/m with 102,1HAD50 of the CAM/88 virus isolate.
The rectal temperature of each animal was recorded daily and 
clinical examinations also carried out each day. A blood sample for 
virus assay was collected in 5ml glass vials containing EDTA at a final 
concentration of 0.5% as anticoagulant from each animal every four days 
during the course of the infection. Post mortem examinations were 
carried out on every animal that died and the lesions observed were 
recorded and photographed. Samples of spleen, kidney, lung, tonsil, 
gastro-hepatic and mandibular lymph nodes were collected in sterile 
glass bottles for virus assay. The isolation, cultivation and assay of 
virus were carried out as described in Chapter 2, sections 2.1 and 2.3. 
Any differences between the two isolates in terms of the duration of 
illness they produced in the pigs and virus titre in various organs 
were determined by the analysis of variance (ANOVA) and the Mann- 
Whitney U-test using the statistical package, "Minitab", U.S. Inc. 
(1985).
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7.3 Results.
7.3.1 Group 1 - Infection of pigs with the CAM/86 isolate of ASF virus. 
Clinical signs.
All ten pigs in the group (RM15-RM24; Table 7.1) became infected 
and the primary clinical sign was a fever of more than 40°C, first 
observed 3-6 days post inoculation (DPI). Other signs were evident from 
7 DPI and those which were common to all the animals included loss of 
appetite, listlessness, incoordination in the hindquarters, shivering 
and diarrhoea. At 11 DPI, five pigs developed lameness and had 
difficulty in breathing. Two pigs (RM24; RM19) which became moribund 
at 14 DPI and 19 DPI were humanely killed with SagatalR (May and Baker 
Ltd.). 8 out of 10 pigs (80&) died and this included the two pigs 
killed in extremis. The duration of clinical signs until death ranged 
from 6-16 days (median 10 days).
Gross lesions.
A post mortem examination was performed on all the pigs which 
died. The most frequently encountered lesions in all the pigs consisted 
of excess fluid in the thoracic and abdominal cavities, varying degrees 
of congestion of the lungs (Figure 7.1a) and haemorrhages in the 
kidneys (Table 7.1; Figure 7.1b) and visceral lymph nodes which varied 
in the extent and severity in the different animals (Table 7.2). The 
gastro-hepatic lymph node was the most haemorrhagic lymph node and 
resembled a blood clot in 7 out of 8 pigs examined (Table 7.2; Figure 
7.1c).
Haemorrhages were also frequently observed on the ventricles of 
the heart (Table 7.1; Figure 7.Id). Extensive bleeding into the 
subscapular region was observed in one pig probably as a result of a 
failure in the clotting mechanism, when the animal was bled two days 
before it died (Figure 7.1e). There was one pig with slight
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before it died (Figure 7.1e). There was one pig with slight 
splenomegaly and a dark coloured spleen (Table 7.1).Haemorrhages in the 
gall bladder (Figure 7.If) and small and large intestines were also 
seen in two pigs. The liver appeared normal in all the pigs.
Viraemia and virus titres in the tissues.
Virus was first detected in the blood at 3 DPI and maximum titres 
ranging between 107*°-109,2HAD50/ml were recorded between 3-6 DPI (Table 
7.3). Infectious virus could not be detected in the blood of the two
animals which survived infection (RM18 and RM21) at 30 DPI and 45 DPI
(Figure 7.2). The virus titres in the tissues collected from each
animal during autopsy are shown in Table 7.4. Highest titres were
recorded in the spleen and ranged between 104 •3HAD50/gm in one pig 
(RM23) which died 15 days after the onset of fever and 107,3HAD50/gm in 
another (RM15) which died 6 days after the onset of fever.
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Table 7.3 Viraemia in pigs infected vith the CAM/86 isolate of ASFV
(log10HADS0/ml).
____________ Davs Post Inoculation (DPI).
Pig
No. 3 6 10 16 20 23 27 30 34 41 45
RM15 9.2 9.2 dead
RM16 9.2 9.2 7.5 dead
RM17 9.0 9.2 6.0 dead
RM18 7.5 9.0 7.0 5.5 5.2 4.2 3.0 NVD NVD NVD NVD
RM19 7.0 8.5 7.0 dead
RH20 7.2 9.0 6.5 dead
RM21 9.2 9.0 7.2 6.2 4.2 5.5 5.5 5.0 4.2 3.0 NVD
RM22 9.0 8.0 dead
RH23 9.2 7.0 6.0 dead
RM24 9.2 7.0 6.0 dead
Mean 8.5 8.5 6.6 5.8 4.7 4.8 4.2
NVD = No virus detected (<1.0 HAD50/ml).
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Figure 7.1 Lesions in different organs from pigs infected with the 
CAM/86 and CAM/88 isolates of ASFV.
a). Congestion of the lungs.
b). Haemorrhages in the kidneys.
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Figure 7.
C
1 Lesions in different organs from pigs infected with the 
CAM/86 and CAM/88 isolates of ASFV.
c). Haemorrhagic gastro-hepatic lymph node
d). Haemorrhages in the ventricles of the heart.
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ef
Figure 7.1 Lesions in different organs from pigs infected with the 
CAM/86 and CAM/88 isolates of ASFV.
e). Haemorrhages in the subscapular region.
f). Haemorrhages in the gall bladder.
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Figure 7.2 Viraemia in two pigs infected with the CAM/86 isolate of 
ASFV.
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7.3.2 Group 2 - Infection of pigs with the CAM/88 isolates of ASFV.
Clinical signs.
All ten pigs in this group (RM25-RM34; Table 7.5) became infected 
and the primary clinical sign was a fever of more than 40°C. Other signs 
became evident in the animals at 7 DPI and they included loss of 
appetite, posterior incoordination, dyspnoea and diarrhoea (which was 
blood-stained in two pigs). Three pigs (RM26, RM27 and RM33) became 
moribund at 12 DPI and another (RM31) at 24 DPI and all were killed 
humanely with Sagatal. 9 out of 10 pigs (90%) died and these included 
the four pigs killed in extremis. The duration of illness before death 
ranged between 7-21 days (median 8 days).
Gross lesions. A post mortem examination was performed on all nine pigs 
which died or were killed during the course of the infection and the 
frequent lesions included varying degrees of lung congestion (Figure 
7.1a) haemorrhages in the kidney (Table 7.5; Figure 7.1b) and visceral 
lymph nodes with the gastro-hepatic lymph node resembling a blood clot 
(Table 7.6; Figure 7.1c). Excess fluid in the abdominal and thoracic 
cavities was observed in two pigs while haemorrhages in the stomach 
wall, gall bladder and small and large intestines were evident in two 
other pigs. Extensive bleeding into subscapular region (Figure 7.1e), 
was observed in one case probably resulting from clotting failure when 
the pig was bled two days before it died. Two other pigs showed a 
slight enlargement of the spleen including infarcts in one of them. The 
liver appeared normal in all but one pig which had fibrin around the 
liver (Table 7.5).
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Viraemia and virus titres in the tissues. Virus was first detected in 
the blood at 3 DPI and maximum titres ranging between 
107,2-109*2HAD50/ml were recorded between 3-6 DPI (Table 7.7). 
Infectious virus could not be detected in the blood of one pig which 
survived the infection (RM34) at 34 DPI (Figure 7.3). The virus titres 
in tissues collected from each animal during autopsy are shown in Table 
7.8. Highest titres were recorded in the lung and ranged between 
104'°HAD50/gm in one pig (RM31) which died at 24 DPI and 107*°HAD50/gm 
in two others (RM25; RM29) which died at 12 and 14 DPI (Table 7.8).
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Table 7.7 Viraemia in pigs infected vith the CAM/88 isolate of ASFV
.(IPKiolADso/ml^
______________ Days Post Inoculation (DPI),____________
30 34 41 45
Pig
No. 3 6 10 16 20 23 27
RM25 9.2 7.5 6.2 dead
RM26 9.2 6.5 7.0 dead
RM27 7.5 6.2 6.0 dead
RM28 7.2 6.2 7.0 dead
RM29 6.2 7.5 7.0 dead
RM30 9.2 7.5 7.0 dead
RM31 9.2 7.2 7.0 5.2 3.5 3.5 dead
RM32 9.2 8.2 6.0 dead
RM33 9.2 7.2 6.2 dead
RM34 9.2 7.2 5.5 4.5 5.2 5.0 4.2
Mean 8.5 7.1 6.5 4.8 4.3 4.2
3.5 NVD NVD NVD
NVD = No virus detected (<1.0 HAD50/ml).
7 . 3 . 3 .  S t a t i s t i c a l  a n a ly s is .
The analysis of variance was used to determine possible 
differences between virus titres in organs from infected pigs within 
each group and between groups and the Mann-Whitney U-test was used to 
determine whether there was any difference in the duration of illness 
before death between the two groups of pigs. The statistical analysis 
was carried out with the assistance of Mr. Forcheh N. of the Statistics 
Department of the University of Sheffield using the packages "Minitab" 
and "GLIM".
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Figure 7.3 Viraemia in a pig infected with the CAM/88 isolate of ASFV.
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62
Statistical Analysis o f  Virus T itre D ata(C A M /86 & C A M /88) 
The following abbreviations have been used in tables 7.9 to 7.12:
Abbreviation Meaning
G.H.L.N. Gastro-Hepatic Lymph Node
M.L.N. Mandibular Lymph Node
PCT Percent
Cl Confidence Interval
STDEV Standard Deviation
Table 7.9: ANALYSIS OF VARIANCE For Group 1 (C A M /86) data
Source of 
Variation
Degrees of 
Freedom
Sum of 
Squares
Mean
Square F-ratio P-value
Organs 5 21.49 4.30 1.85 0.123
ERROR 42 97.38 2.32
TOTAL 47 118.87
Organ N MEAN STDEV
TONSIL 8 4.156 1.. 742
KIDNEY 8 4.781 1.191
M.L.N 8 5.125 2.167
SPLEEN 8 6.250 1.061
LUNG 8 5.062 1.092
G.H.L.N 8 4.406 1.564
POOLED STDEV = 1.523
INDIVIDUAL 95 PCT Cl’S FOR MEAN 
BASED ON POOLED STANDARD DEVIATION
( * )
(  )
3.6 4.8 6.0 7.2
Table 7.10: ANALYSIS OF VARIANCE For Group 2 (C A M /88) data
Source of Degrees of Sum of Mean
Variation Freedom Squares Square F-ratio P-value
Organs 5 32.86 6.57 3.07 0.024
ERROR 30 64.24 2.14
TOTAL 35 97.10
INDIVIDUAL 95 PCT Cl’S FOR MEAN 
BASED ON POOLED STDEV
Organ N MEAN STDEV -------(— .— +--------H ™ -------
SPLEEN 6 5.375 1.412 x— .---*------.)
KIDNEY 6 4.875 0.787 (------- .*---- -— )
LUNG 6 6.125 1.148 (-------*------- )
TONSIL 6 3.250 1.500 (------ *---.--- )
G.H.L.Nf 6 5.750 1.754 ( - — -- *-— )
M.L.N. 6 4.333 1.895 (-------*----- )
POOLED STDEV = 1.463 3.0 4.5 6.0
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Table 7.11 Pairwise Comparison between the m ean virus titres in 
organs o f pigs infected w ith the C A M /86 and C A M /88 isolates o f  
A SFV.
INDIVIDUAL 95 PCT Cl’S FOR MEAN 
BASED ON POOLED STDEV
GROUP N MEAN STDEV IIIII1
+1III1I+IIIII1IiI+iiiiiII
SPLEEN CAM/86 8 6.250 1.061 ( ------------ * --------
CAM/88 6 5.375 1.412 r\ 1 1 1 1 1 1 1 # 1 1 1 1 1 1 1 w
KIDNEY CAM/86 8 4.781 1.191 ( ------------ * — ------ )
CAM/88 6 4.875 0.787 ( ---------------- * ---------------)
LUNG CAM/86 8 5.062 1.092 ( ------------ * -------------)
CAM/88 6 6.125 1.148 ( -------------- * -----------
TONSIL CAM/86 8 4.156 1.742 ( ------------ * -------------)
CAM/88 6 3.250 1.500 ( -------------- * ------ ---------)
G.H.L.N,. CAM/86 8 4.406 1.564
CAM/88 6 5.750 1.754 ( -------------- * — -----------)
M.L.N. CAM/86 8 5.125 2.167 ( _______ * _______ )
CAM/88 6 4.333 1.895 ( -------------- * - — — )  ^
POOLED STDEV = 1,.498 3 .0  4 . 5  6 . 0
Table 7.12 Comparison of duration of illness caused by the CAM/86 
and CAM/88 isolates in infected pigs.
Groups
CAM/86
CAM/88
Median
10
8
Range 
6 - 1 6  
7 - 12
V
27
45
>0.01
Interpretation
Difference
not
significant
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Table 7.13: A nalysis o f  variance for com bined m ean virus t itr e  d a ta
Source of 
Variation
Degrees of 
Freedom
Sum of 
Squares
Mean
Square F-ratio P-value
Organs 5 36.68 7.34 3.27 0.012
Isolates 1 0.003 0.003 0.001 0.970
Interaction 5 17.68 3.535 1.58 0.225
ERROR 72 161.62 2.245
TOTAL 83 215.98
5 . 5 0
5  . 0 0
5  , 5 0
*  CAM/ 8 6
5 . 0 0
• C A M / 8 8
^.00
3 . 5 0
3  . 0 0
M.L.N.G.H.L.NLung TonsilKidneySpleen
Organs
Figure 7.4: Plot o f mean virus titres in different organs* infected w itb  
the C A M /86 and CAM /SS isolates o f ASFV.
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There was no significant difference (P =0.123) between the means 
of virus titres in different organs infected with the CAM/86 ASFV 
isolate (Table 7.9; Figure 7.4). A difference in virus titre (P = 
0.024) was observed between the tonsil, lung and gastro-hepatic lymph 
node from pigs infected with the CAM/88 virus isolate (Table 7.10; 
Figure 7.4); the lung and the gastro-hepatic lymph node contained 
higher virus titres than the tonsil. However, no organ in this group 
responded very differently from the rest as observed in the 95% 
confidence intervals (Cl) (Table 7.10)
A pairwise comparison of means of virus titres in the same organs 
in pigs infected with the two virus isolates showed that there was no 
difference in virus titres in organs of pigs infected with the two 
virus isolates. The t-value in each of the six pairwise tests (Table
7.11) was less than 1.36, the critical value required to reject the 
null hypothesis at the 10% level. No difference was observed between 
the duration of illness produced in infected pigs by the two isolates 
(P = 0> O i ) (Table 7.12).
An analysis of variance was carried out with the titre values in 
Tables 7.4 and 7.8 as response or dependent variables and the six 
organs and the two virus isolates were used as the explanatory 
variables or factors. The effect of the possible organ/virus isolates 
interaction was also tested. The statistical package, GLIM (GLIM 3.77 
Update 0 - Copyright - 1985, Royal Statistical Society, London) was 
used and the results are presented in Table 7.13.
The results in Table 7.13 showed that the variation in the mean 
virus titres in organs was not significantly affected by the virus 
isolate used to infect the pigs (P = 0.225) implying that there was no 
significant interaction between the organs and the virus isolates.
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There was no significant difference (P =0.123) between the means 
of virus titres in different organs infected with the CAM/86 ASFV 
isolate (Table 7.9; Figure 7.4). A difference in virus titre (P = 
0.024) was observed between the tonsil, lung and gastro-hepatic lymph 
node from pigs infected with the CAM/88 virus isolate (Table 7.10; 
Figure 7.4); the lung and the gastro-hepatic lymph node contained 
higher virus titres than the tonsil. However, no organ in this group 
responded very differently from the rest as observed in the 95% 
confidence intervals (Cl) (Table 7.10)
A pairwise comparison of means of virus titres in the same organs 
in pigs infected with the two virus isolates showed that there was no 
difference in virus titres in organs of pigs infected with the two 
virus isolates. The t-value in each of the six pairwise tests (Table
7.11) was less than 1.36, the critical value required to reject the 
null hypothesis at the 10% level. No difference was observed between 
the duration of illness produced in infected pigs by the two isolates 
(P = Q.O'i) (Table 7.12).
An analysis of variance was carried out with the titre values in 
Tables 7.4 and 7.8 as response or dependent variables and the six 
organs and the two virus isolates were used as the explanatory 
variables or factors. The effect of the possible organ/virus isolates 
interaction was also tested. The statistical package, GLIM (GLIM 3.77 
Update 0 - Copyright - 1985, Royal Statistical Society, London) was 
used and the results are presented in Table 7.13.
The results in Table 7.13 showed that the variation in the mean 
virus titres in organs was not significantly affected by the virus 
isolate used to infect the pigs (P = 0.225) implying that there was no 
significant interaction between the organs and the virus isolates.
155
Also, the overall mean virus titres ill organs from pigs infected with 
the two virus isolates did not differ significantly (P = 0. .
However, the mean virus titres varied significantly from one organ to 
the other (P = 0.0i£).
Discussion.
The results of this study have shown that the clinical signs, 
gross lesions and virus titres in tissues of pigs infected with the 
CAM/86 and CAM/88 ASFV isolates were very similar despite the 
differences observed between the genomes of these isolates.
All ten pigs in each group became infected and the first clinical 
sign was a fever of 40°C or more, which was observed at 3-6 DPI. Other 
signs which became evident after 7 DPI were essentially the same in 
both groups of pigs and included inappetence, posterior incoordination, 
diarrhoea, lameness and prostration. Eight pigs (80%) infected with 
the CAM/86 virus isolate died and 9 pigs (90%) infected with the CAM/88 
isolate also died of the infection. No significant difference (P >  
0.Qd;) was observed between the duration of illness before death 
produced by the two virus isolates. This period ranged between 6-16 
days (median 10 days) in the pigs infected with the CAM/86 isolate and 
7-21 days (median 8 days) in the pigs infected with the CAM/88 virus 
isolate.
The gross lesions in pigs from both groups were similar and they 
included excess fluid in the thoracic and abdominal cavities, varying 
degrees of haemorrhages in the kidney and Visceral lymph nodes. The 
gastro-hepatic lymph nodes were the most severely affected in both 
groups of pigs and they had a deep red colour resembling a blood clot. 
The spleens in both groups of pigs were generally normal with no change 
in colour and consistency except for two cases in the pigs infected 
with the CAM/86 isolate and two others in the group infected with the
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with the CAM/86 isolate and two others in the group infected with the 
CAM/88 isolate, which showed slight splenomegaly and a dark 
colouration.
Haemorrhages in the ventricle of the heart were commonly observed 
in both groups of pigs. Two pigs in each group showed haemorrhages in 
the gall bladder and small and large intestines. The liver appeared 
normal in all pigs in both groups except one infected with the CAM/88 
virus isolate, which had fibrin around the liver.
Maximum virus titres in blood were observed between 3 - 6  DPI for 
pigs infected with the CAM/86 virus isolate and ranged between 
108*5-109,2HAD50/ml (mean 108*5 HAD50/ml) and for pigs infected with the 
CAM/88 virus isolate, maximum viraemia was observed between 3-6 DPI. 
The viraemia became undetectable after 30 DPI and 45 DPI in two pigs 
(RM18 and RM21) which survived infection with the CAM/86 virus isolate 
(Figure 7.2) and 34 DPI in another (RM34) which survived infection with 
the CAM/88 isolate (Figure 7.3). The maximum virus titre in the organs 
was observed in the spleen for the pigs infected with the CAM/86 virus 
isolate and they ranged between 104,3-107*3HAD50/gm and in the lung for 
the pigs infected with the CAM/88 isolate and they ranged from 104*° 
to 107*°HAD50/ml.
A significant difference was observed (P = 0.022) in mean virus 
titres between organs infected with the CAM/88 virus isolate with the 
highest titres being recorded in the lungs (Table 7.10; Figure 7.4) 
and none (P = 0.123) was observed between the means of virus titres in 
different organs infected with the CAM/86 ASFV isolate (Table 7.9; 
Figure 7.4). A pairwise comparison of virus titres in similar organs of 
infected pigs from both groups showed that there was no significant 
difference (P = 0.970) between virus titres in organs of pigs infected
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with the CAM/86 and CAM/88 ASFV isolates (Table 7.9; Figure 7.4). 
Another analysis of variance was carried out using the data from Tables 
7.4 and 7.8 with virus isolates as an additional explanatory factor. 
This showed that the virus titres varied significantly with the organs 
infected (P = 0.006) and not with the virus isolates used to infect the 
pigs (P = 0.419). It is, therefore, clear from these results that the 
CAM/86 and CAM/88 ASFV isolates are very similar in relation to the 
clinical signs and lesions they produce in infected pigs despite the 
variations observed in their genomes.
Extensive bleeding into the subscapular region was observed in 
two pigs from each of the infected groups of pigs which was presumed to 
be due to a failure in the clotting mechanism when the animals were 
bled two days before they died. The causes of these haemorrhagic 
lesions in ASF infections have been investigated by a number of 
different workers.
Edwards et al. (1984, 1985) and Edwards and Dodds (1985)
suggested that the coagulation defects observed in ASF infections were 
probably due to the formation of immune complexes early in the course 
of the infection which induced platelet aggregation and 
thrombocytopaenia. Neser et al (1986) and Neser and Kotze' (1987) 
observed degenerative changes in thrombocytes and platelets in pigs 
infected with ASF and these included enlargement, irregular shapes and 
fragmentation. These changes were associated with prolonged bleeding 
and thrombin-clotting time, impaired clot retraction and platelet 
aggregation. Anderson (1986) reported that the haemorrhagic diathesis 
in pigs infected with ASF was primarily a result of the endothelial 
damage by the virus, leading to release of prostaglandin E2, platelet 
aggregation and release of the pro-aggregatory prostaglandin,
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thromboxane A2. The PGE2 also promoted vascular dilation and 
permeability resulting in haemolytic anaemia especially in acute ASF.
Ekue et al. (1989) recorded similar lesions and clinical signs 
with those described in this study when they infected pigs with the 
CAM/82 virus isolate although the mortality rate was lower (33%). 
Another similar study was carried out by Wilkinson et al. (1981) by 
infecting pigs with the Malta/78 virus isolate. The infected animals 
developed a fever (>40°C) which lasted up to 14 days with maximum 
viraemia ranging between 107 - 109 HAD50/ml which fell to undetectable 
levels between 35 - 55 days after the onset of fever. Mortality rates 
varied in their different experiments from 0 - 100% and clinical signs 
varied from only fever and anorexia to severe respiratory distress, 
prostration and death. At the onset of generalised infection high 
titres of virus ranging from 105,3 to 10®*8HAD50/ml or per gram were 
found in all organs and tissues examined. The results obtained in the 
present study were also similar to those observed in pigs infected with 
ASFV isolates from Brazil (Brazil/78) and the Dominican Republic 
(DR/78) (Mebus and Dardiri, 1979). These isolates from the Western 
Hemisphere were characterised by mild clinical signs and lesions but 
with lower mortality rates (44% for the Brazilian/78; 30% for the 
DR/78). Viraemia fell to below detectable levels in pigs infected with 
the Brazilian isolate between 24-38 DPI and 18-30 DPI in pigs infected 
with the Dominican Republic virus isolate. It could therefore be 
concluded that the two virus isolates used in this study produced a 
similar response when inoculated into domestic pigs as those observed 
with the CAM/82, the recent European isolates and those from the 
Western Hemisphere.
159
The pathogenicity of the two ASFV isolates described in this 
study was very different from that described for most other African 
isolates which usually have a short incubation period, severe clinical 
signs and produce high mortality rates in domestic pigs (Montgomery, 
1921; Maurer et al., 1958; Moulton and Coggins, 1968). They also 
differed in the lesions and clinical signs they produced in infected 
pigs from those of the Lisbon/57 and Lisbon/60 ASFV isolates which are 
very much similar to virulent African isolates in the disease produced 
in domestic pigs. The infection produced by the Lisbon/60 isolate of 
ASFV in pigs was characterised by severe clinical signs and gross 
lesions which included reddening of the skin, bloody diarrhoea, 
enlarged, dark and friable spleen, and severe haemorrhages of the 
visceral lymph nodes and 100% mortality (Mebus and Dardiri, 1979).
In Chapters 4 and 5, the antigenic and genomic relationships 
between the Cameroon and other ASFV isolates were investigated and the 
results from both studies showed that the ASFV isolates from Cameroon 
are very similar to each other and that they are also very similar to 
the recent European isolates. Other earlier studies based on 
restriction enzyme analysis have also shown that the CAM/82 isolate is 
genetically very similar to the Caribbean ASFV isolates (Vesley and 
Tuthil, 1984). Therefore this experiment on the pathogenicity of the 
CAM/86 and CAM/88 virus isolates in pigs has also emphasised the 
similarities shared between the Cameroon isolates and also between the 
Cameroon, recent European and Caribbean isolates of ASFV.
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Chapter 8.
The effect of passage in pigs and pig bone marrow cultures on 
the genome of the CAM/82 isolate of ASF virus.
8.1 Introduction.
Many reports have been written describing the major 
rearrangements that occur during adaptation of ASF virus to tissue 
culture (Wesley and Pan, 1982; Tabares et al.. 1987; Blasco et al., 
1989). Comparison of restriction enzyme site maps of genomes of tissue 
culture adapted virus with those of unadapted virus showed that most 
changes resulted from deletions or additions of sequences from regions 
close to both termini. In two different experiments Tabares et al. 
(1987) and Blasco et al. (1989) observed large deletions of 7Kb and 
15Kb of sequences between about 7 and 23Kb from the left terminus 
during adaptation to MS and Vero monkey cell lines. In addition, small 
increases in the size of both terminal fragments and a fragment about 
25Kb from the right end were observed (Tabares et al.. 1987). Viral DNA 
subpopulations were also produced when the ASFV E70 isolate from Spain 
was grown in monkey kidney MS cells (Santurde et al., 1988). Mapping 
the genomes of four of these virus variants showed that the restriction 
enzyme fragments located at both termini/ one fragment about 25Kb from 
the right end and one fragment in the centre of the genome varied in 
length when virus variants were compared to the parent viruses 
(Santurde et al.. 1988). Virus genome heterogeneity has also been 
observed in plaque- purified virus isolates obtained after serial 
passage in Vero cells (Wesley and Pan, 1982).
Most biochemical studies have been made with the virus adapted 
to grow in monkey kidney cells and the DNA of such tissue 
culture-adapted virus varies in size (160Kbp) when compared to the wild
161
type virus (170Kbp) (Almendral et al.. 1984; Tabares et al., 1987). 
This chapter discusses the results of an investigation on the effect 
of serial passage of the CAM/82 ASFV isolate in pigs and in primary 
pig bone marrow cultures by restriction enzyme analysis and restriction 
enzyme site mapping.
8.2 Materials and Methods.
Cross-bred Large White/Land race pigs of 20-30 kg live weight were 
used in the study. 2ml of spleen suspension cotaining the original 
CAM/82 ASF virus at a titre of 104' 1HAD50/gm of spleen was first 
inoculated intravenously into a pig after taking a preinoculation blood 
sample. When the pig developed a temperature of 40°C or more, blood was 
collected and virus DNA was prepared from the infected packed red blood 
cells as described in Chapter 2.5. The procedure was carried on for 20 
pig passes of the virus.
The restriction enzymes BamHI, Asp718, and EcoRI were used 
to digest the virus DNA prepared from the infected red blood cells 
obtained from the different pig passes. The end-labelling with 32PdATP 
using the Klenow fragment of DNA polymerase I and electrophoresis of 
the digested products in 0.6% agarose gel was performed as described 
in Chapter 2.7. A Southern blot prepared after digesting the various 
DNA samples with BamHI was used to hybridise with plasmid DNA clones, 
RK', RA/SC, RB and RD' (Chapter2.9). These clones hybridise with 
fragments which map to the left terminus, the region 35-40Kb from the 
left terminus, the central region and the right terminus which contain 
the variable regions of the ASF genome (Vinuela, 1985; Dixon and 
Wilkinson, 1988; Blasco et al., 1989; Sumption et al.. unpublished 
results). The procedure for hybridisation was followed as described in 
Chapter 2.9.
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Serial passage of the CAM/82 ASF virus in PBM cultures.
The PBM cultures were prepared as described in Chapter 2.1 and 
established in 750ml plastic tissue culture flasks (FalconR). The 
monolayers were infected with 2ml of the CAM/82 ASF virus at a titre of 
104' 1HAD50/gm of spleen after 3 days of incubation at 37°C. When the 
cytopathic effect (cpe) was 80-90% complete, the cells were pooled and 
an aliquot of 20ml was stored at -70°C for the next virus passage while 
the rest was centrifuged at lOOOg for 15 minutes at 4°C» The preparation 
of virus DNA from the infected cells was carried out as described in 
Chapter 2.6. The process was repeated until the virus had been passaged 
17 times in PBM cultures and at each passage the virus which was stored 
at -70°C from the previous passage was used to infect new PBM cultures.
The restriction enzymes BamHI and EcoRI were used to digest the 
virus DNA from the different PBM passages and the digests were 
end-labelled and electrophoresed in 0.6% agarose gel following the 
procedure described in Chapter 2.7. A Southern blot was prepared from 
fragments produced after digesting the DNA samples with BamHI. The blot 
was used to hybridise with plasmid clones RA/SC, RB RD', SH and RK'. 
This was to determine whether any differences had occurred in the 
variable region as a result of the PBM culture passage.
8.3 Results.
8.3*1 Serial passage of the CAM/82 isolate of ASFV in domestic pigs.
Virus DNA prepared from infected red blood cells obtained from 
the pig passes 1, 5, 10, 15 and 20 of the CAM/82 virus isolate was 
digested with the restriction enzymes BamHI, EcoRI and Asp718. The 
digested products were analysed by electrophoresis on 0.6% agarose gel. 
No variations in the electrophoretic mobility of the restriction enzyme 
fragments were observed between the genomes with the three enzymes 
(Figure 8.1).
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Cross-hybridisations of the BamHI fragments of the virus genome 
from the various pig passes on a Southern blot were carried out using 
the plasmid DNA clones RK', RA/SC, RB, SH and RD' as probes to 
determine whether any variations had occurred in the fragments in the 
variable regions of the genome. No size differences were observed using 
these probes (Figure 8.2).
8.3.2. Serial passage of the CAM/82 isolate of ASFV in PBM cultures.
Virus DNA by the CAM/82 isolate prepared from 5 passages of the 
virus in PBM cultures was analysed by restriction enzyme analysis on 
0.6% agarose gel with the enzymes BamHI and EcoRI. No differences in 
restriction enzyme fragment pattern were observed between the DNA from 
the PBM passes 1, 5, 8, 10 and 17 with BamHI and EcoRI (Figure 8.3) 
with the parent virus isolate.
The virus became non-haemadsorbing after the 10th passage and 
remained non-haemadsorbing in the subsequent passages.
No differences between restriction enzyme fragments of the 
genome of the CAM/82 virus from the different PBM passes was observed 
when a Southern blot of these fragments was cross-hybridised with the 
plasmid DNA clones RK', RA/SC, RB, SH and RD', which hybridise to 
fragments mapping to the variable regions of the genome (Figure 8.5).
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Figure 8.1 Restriction enzyme analysis of virus DNA from infected pig 
blood collected from 20 pig passages of the CAM/82 isolate 
of ASFV with the enzymes BamHI, EcoRI and Asp718. The 
figures indicate the sizes of the mol.vt. markers.
P = Pig pass.
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Figure 8.2 Hybridisation of plasmid clones RK',RA/SC, RB and RD' with 
Southern filters of the BamHI restriction enzyme fragments 
of virus DNA of different pig passages of the CAM/82 ASF 
virus. Figures indicate mol. wt. markers.
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Figure 8.3 Restriction enzyme analysis of virus DNA of the CAM/82 ASF 
virus from different passages in PBM cultures with the 
enzymes BamHI and EcoRI.
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Figure 8.5 Hybridisations of plasmid ASFV DNA clones RK', RA/SC, RB 
and RD' with Southern filters of the BamHI restriction 
enzyme fragments of virus DNA from the PBM culture passages 
of the CAM/82 virus isolate.
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8.4. Discussion
The results of the restriction enzyme analysis and cross­
hybridisations of the restriction enzyme fragments with plasmid DNA 
clones of ASF virus, have shown that no changes were detected in the 
genome of the CAM/82 isolate of ASFV when the virus was passaged either 
in pigs or PBM cultures.
This stability of the ASFV genome has also been observed With 
other isolates during natural infection in domestic pigs. The Dominican 
Republic and Haiti isolates were obtained three years apart and from 
different geographical areas, yet they showed identical restriction 
enzyme fragment profiles which were also very closely related to those 
of the genome of the CAM/82 isolate of ASFV (Wesley and Tuthill, 1984). 
The CAM/82 isolate was indistinguishable from the CAM/88 isolate by 
restriction enzyme analysis (Chapter 5) and these isolates were 
obtained six years apart from different parts of the enzootic area. 
Also seven 1986 Portuguese ASFV isolates from outbreaks in domestic 
pigs in different regions of the country were shown to be identical by 
restriction enzyme analysis while the recent European isolates of ASFV 
from outbreaks in domestic pigs were observed to be very closely 
related (Wilkinson et al.. unpublished results). The results presented 
in this study and those of other workers mentioned do suggest that the 
ASFV genome is quite stable during pig-to-pig transmission of the virus 
both in natural and in experimental conditions.
No differences in restriction enzyme fragment pattern were 
observed with the virus DNA from the different PBM culture passages 
(Figure 8.3). Cross-hybridisations of the BamHI restriction enzyme 
fragments on a Southern blot with plasmid clones RK', RA/SC, RB, SH and 
RD' failed to detect any differences within the variable regions of 
the genome between virus DNA from the different PBM passes. A number of
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different workers have described major genome rearrangements which 
occur during adaptation of ASFV to grow in other tissue culture cell 
lines (Wesley and Pan, 1982; Tabares et al., 1987; Blasco et al., 
1989). Most changes resulted from deletions or additions of sequences 
from regions close to both termini. Large deletions of 7 - 15 Kbp of 
sequences between about 7 and 23 Kb from the left terminus occurred 
during adaptation of the virus to MS and Vero monkey cell lines 
(Tabares et al., 1987; Blasco et al.. 1989). In addition, small 
increases in the size of both terminal fragments and of a fragment 
about 25 Kb from the right terminus were also observed (Tabares et al..
1987). This latter fragment also varied in length in virus variants 
obtained after sequential passage in MS tissue culture cells (Tabares 
et al.. 1987). However, the Badajoz isolate of ASFV (BA 71 clone 1) did 
not change in its Sail restriction enzyme fragment pattern after 20 
passages in pig macrophage cultures (Blasco et al.. 1989). Also, the 
virus BA 71H which was derived from BA 71 by more than 100 passages in 
pig macrophage cultures, showed no change in the SAlI restriction 
enzyme pattern with respect to the predominant virus in the original 
population (Blasco et al.. 1989). Their results were very similar to 
those obtained in the present study with the CAM/82 virus isolate.
It was observed that the virus (CAM/82) became non-haemadsorbing 
after the 10th PBM culture passage. It is quite possible that the 
passaging process had selected a new predominant virus population which 
did not possess this biological marker and had an similar genome to 
the earlier population as shown by the similar restriction enzyme 
fragment patterns (Figure 8.4). This multiclonal concept of ASF virus 
was first proposed by Pan and Hess (1985) and they stated that ASFV 
isolates are composed of heterogenous virus populations which can be 
separated by cloning, and that they may differ in their biological
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characteristics with respect to haemadsorption, virulence, plaque size, 
antigenic composition and genomic structure. Therefore, the 
characteristics of any particular virus population can change if the 
proportion of the different clones is altered by passage in tissue 
culture (or pigs) and this is probably the situation that was generated 
from the 10 th PBM passage in relation to the haemadsorption 
characteristic.
The results presented here provide further evidence for the 
persistence of ASF by continuous circulation of viruses in pig 
population.
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Chapter 9.
A survey for soft ticks. (0. moubata) and warthogs 
(Phacochoerus aethiopicus) in the North Vest. South Vest 
and West Provinces of Cameroon.
9.1 Introduction.
In most parts of Africa south of the Sahara ASF persists by 
a natural cycle of transmission between warthogs and soft ticks 
(Ornithodoros moubata) which inhabit their burrows (Plowright et al.. 
1969 a,b; Plowright, 1977; Thomson et al.,1980. 1983; Thomson, 1985). 
In east, central and southern Africa, these ticks associated with 
warthogs are present in almost all areas where ASF is known to occur 
(Hoogstraal, 1956; Plowright, 1977; Thomson et al.. 1983; Haresnape 
and Mamu, 1986; Wilkinson et al.. 1988). They have been reported in 
pigsties in Angola (Wellman, 1906,1907), Zimbabwe (Jack, 1921), Zaire 
(Schwetz, 1927), Ruanda-Burundi (Jadin, 1951), Malawi (Haresnape and 
Mamu, 1986) and Zambia (Wilkinson and Mwanaumo, personal 
communication). ASF virus has been isolated from tick collections made 
from pigsties and houses in Malawi and Zambia (Haresnape et al.,
1988), suggesting that 0. moubata may play an important role in the 
epizootiology of ASF where ticks are found in association with 
domestic pigs.
In a country such as Cameroon, where ASF has become 
enzootic, the most important methods of transmission of the virus are 
by direct contact between uninfected and infected domestic pigs, 
indirect transmission by infected pig meat and products or contaminated 
vehicles and people connected with the pig industry and wild or feral 
pigs. In addition the virus may be spread by ticks of the genus
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Ornithodoros which could also act as reservoirs of the virus. 
Considering the significant role of 0. moubata in the epizootiology of 
ASF in most enzootic areas of Africa and the difficulty involved in its 
control, it was considered important to determine whether these soft 
ticks are present in the North West, South West and West Provinces 
which together contain more than 70 per cent of the pig population in 
the country.
9.2 Materials and Methods.
9.2.1 Interviews. Between 1985 and 1988 a total of 124 farms were 
visited in the West Province and the southern parts of the South West 
and North West Provinces of Cameroon and were searched for the 
presence of soft ticks as part of a major survey on ASF in these 
provinces. Before meeting farmers in each of the localities visited, 
the veterinary personnel were first interviewed and shown samples of 
0. moubata obtained from Pirbright Laboratory of the Institute for 
Animal Health, U.K. in order to obtain preliminary information on the 
occurrence of soft ticks in the area. Farm owners and their workers 
who were interviewed were also shown the samples of soft ticks.
9.2.2 Questionnaires. Questionnaires designed to obtain information 
on the different aspects of the disease including the distribution of 
soft ticks on the farms and the presence of warthogs (Phacochoerus 
aethiopicus) in the area (Appendix 1) were completed on fifty three 
farms 45 in the West Province which is the main pig producing province 
and also the one with the highest number of reported ASF outbreaks, 
five in the North West and four in the South West Provinces.
9.2.3 Search for soft ticks. Village pigs are usually kept in 
enclosures made from timber with a thatched roof to provide shade. 
Commercial pigs are either kept in buildings with cement floors and
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timber walls or those made entirely of concrete and concrete blocks; 
both types of building have roofs made of commercially available 
roofing material. The search for soft ticks on the selected farms 
consisted of a thorough inspection of all the buildings in which pigs 
were kept, paying particular attention to openings and cracks in the 
wood in the village piggeries. Many of the farms in the West Province 
are commercial piggeries practising intensive management and on such 
farms all the buildings, including feed-stores and offices, were also 
thoroughly searched. Carbon dioxide traps (Nevill,1964) were also 
used. These traps consisted of a plastic box partly filled with sand, 
some dry ice wrapped with paper to reduce the rate of loss of carbon 
dioxide and a large funnel inverted over the plastic box (Figure 9.1). 
The sides of the box were covered with cling film and tape to limit 
gas leakage, leaving the funnel opening as the only outlet for the gas. 
The traps were buried in the ground around the pigsties leaving only 
the C02 outlet just a few centimetres above the ground. They were left 
overnight and examined the next day.
9 .3  R e s u lts .
Forty Veterinary Assistants were interviewed between 1985 
and 1988 and none reported the presence of 0. moubata in the areas 
under their control. No soft ticks were found on any of the 124 farms 
searched during the same period (Figure 9.2). The results of the 
questionnaires showed that the only ectoparasite observed by 32 farmers 
on their animals was the pig louse, Haematoninus suis. and that 
warthogs were not present in the survey areas.
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.Cling film
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Ground lev
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Dry ice wrapped with paper
Funnel
Figure 9.1 Diagram of the carbon dioxide trap used to search  
for soft ticks in the three pig-producing 
provinces of Cameroon.
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Figure 9.2 Location of pig farms in the North ¥est, South Vest and 
Vest Provinces searched for the presence of soft ticks, 
Ornithodoros moubata.
Legend. 
North Vest Province Vest Province.
Div. Dist. No. of Div. Dist. No. of
farms. farms.
Mezam Bamenda 5 Bamboutos Batcham 8
South Vest Province Mbouda 13
Fako Limbe 4 Galim 10
Vest Province
Menoua Santchou 10 Haut Nkam Kekem 1
Dschang 17 Bafang 10
Fokoue 4 Bandja 1
PenkaMichel 1 • Bana 4
Mifi Bafoussam 13 Nde Bangante 3
Bamendj ou 1 Bazou 1
Bandj oun 3 Tonga 1
Noun Foumbot 9 Noun Koutaba 1
Foumban 1 Magba 2
Mlantouen 0 Hassangam 0
Total number of farms visited = 124
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9.4 Discussion.
The results of this survey have established that no 
specimens of Ornithodoros moubata could be found in the West Province 
and the southern parts of North West and South West Provinces. None of 
the forty Veterinary Assistants who were interviewed had any evidence 
for the presence of ticks in these areas and no ticks were found on 
any of the 124 farms on which a detailed investigation was carried out. 
The results of the questionnaires showed that the only ectoparasite 
which farmers commonly found on pigs was the pig louse, Haematopinus 
suis.
Carbon dioxide traps have been shown to be a very efficient 
means of collecting soft ticks (Nevill, 1964), attracting the ticks in 
cracks in wood and walls and in the soil where it is difficult to find 
them manually. This method has been used with much success in the 
search for soft ticks in Portugal (Caiado et al.. 1988). Soft ticks 
were not found on any of the farms examined in the three provinces 
using this method. The possibility that soft ticks may be present in 
parts of the country not covered in this study remains to be 
investigated.
Warthogs are the other component of the natural 
transmission cycle of ASF virus and are known to be present in the 
National Parks and Game Reserves in the northern part of the country 
about 1500 kilometres away from the pig-producing provinces (Alio, 
personal communication). They have not been reported in those parts of 
the three provinces in which this survey was carried out. The apparent 
absence of both the soft tick and warthog reservoir hosts of ASF virus 
from the area of Cameroon which includes the main pig-producing 
province (West Province) makes the situation in Cameroon different from 
that in other enzootic areas of Africa where ticks are associated with
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domestic pigs and has important implications for the design and 
application of the ASF control programme in the country.
Ticks are widely distributed in villages in the ASF enzootic 
region of Malawi which makes disease control more difficult because the 
ticks may be important virus reservoirs and are extremely difficult to 
eradicate (Haresnape et al., 1988). In the absence of O.moubata from 
Cameroon the spread and maintenance of ASF within the pig population is 
either by direct contact between infected and uninfected pigs or 
indirectly by infected pig meat and pig meat products, fomites and 
people involved with the pig industry. The absence of soft ticks and 
warthogs from the main pig producing area in Cameroon eliminates one of 
the major problems to be encountered in the control of ASF in the 
country. This control can only be achieved through the application of 
strict zoosanitary measures which should include the control of 
movement of pigs, pig meat and people associated with pig farming.
179
Chapter 10
General Discussion.
The work reported in this thesis represents the first detailed 
studies carried out on the epizootiology of ASF in Cameroon. Because 
epizootiology is defined as the study of disease in animal populations 
and of those factors which determine its occurrence, one of the main 
components of the work involved the acquisition of information to 
determine the ecology and natural history of the disease. A further 
aspect of the study was to characterise the different virus isolates 
involved in the spread and persistence of the infection within the pig 
population and also determine their relationship with virus isolates 
from other previously infected areas.
After the ASF epizootic in Cameroon in 1982 many outbreaks were 
reported and confirmed by either virus isolation or detection of 
anti-ASF virus antibody in sera of pigs from different parts of the 
country, but no efforts were made to determine the extent of the 
enzootic area and the prevalence of recovered "carrier" pigs in the 
area. Considering the importance of these two factors in devising and 
carrying out the control programme envisaged by the Government (Anon, 
1986), the first objective of the thesis was to determine the extent of 
the enzootic area and also the prevalence of carrier pigs in the three 
main pig-producing provinces of the country. The results have shown 
that the enzootic area in the three provinces studied covers the 
southern parts of the North West and South West Provinces and about two 
thirds of the West Province adjoining these provinces.
The persistence of ASF in the country was considered to be due 
either to continuous circulation of the virus which caused the 1982 
epizootic or to the new introductions of viruses from other infected
180
areas outside Cameroon. The results of the restriction enzyme analysis 
and restriction enzyme site mapping of genomes of ASFV isolates 
obtained at different times and from different parts of the enzootic 
area showed that the virus isolates were very closely related. These 
results support the theory that the enzootic state of ASF in the 
domestic pig population could be due to the continuous circulation of 
the virus of the 1982 epizootic which was being maintained in a cycle 
of infection between pig herds. However, the second possibility, that 
the outbreaks could have been due to the reintroduction into Cameroon 
of virus isolates closely related to those present within the country, 
was supported by the results of the restriction enzyme analysis of 
genomes of ASFV isolates from Europe, Angola, Zaire, Namibia and 
Senegal, which were shown to be similar to those of the Cameroon ASFV 
isolates.
It is clear that the virus originally introduced into Cameroon in 
1982 could have come from any one of a number of sources and that 
further introductions of virus may have subsequently occurred from 
these sources. However, the most likely explanation for the persistence 
of ASF in Cameroon for so many years is the consequence of a number of 
factors related to the widespread practice of keeping 'free-range' pigs 
in many villages and to the inadequate measures applied to control the 
disease.
The lack of information about outbreaks and the failure to obtain 
early reports has clearly hampered efforts to take prompt action in 
many cases. Some outbreaks becdme known to the veterinary authorities 
only after they discovered that affected farms had been depopulated 
either as a result of the infection or when farmers slaughtered and 
sold all their remaining pigs. During the 1982 epizootic, it was
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observed that apparently recovered pigs and healthy ones were mixed for 
sale in the local pig markets and unsold healthy pigs which had become 
infected served as foci of new outbreaks when taken back to their farms 
at the end of the day. (Ekue et al., 1989). Since the practices of the 
local pig farmers in relation to the husbandry and marketing of their 
pigs have not changed since the first epizootic, it is possible that 
this method of transmission of the virus within the pig population is 
still important in the persistence of the infection.
Soft ticks are of importance in the epizootiology of ASF in many 
parts of Africa, especially where they are found in association with 
domestic pigs. The ticks have been reported in pigsties in most
countries in Africa where the disease has become enzootic and the
isolation of virus from ticks in pigsties and houses in Malawi and 
Zambia indicates that they may play an important role in the 
transmission of ASF virus amongst domestic pigs. Such ticks generally 
live in cracks in the wooden construction of pigsties and in the soil 
from which it is difficult to eradicate them. This makes the successful 
control of ASF extremely difficult or impossible to achieve in areas 
where ticks are involved in the transmission of the virus. Fortunately 
the results of the search for soft ticks in the enzootic area in
Cameroon established the absence of 0. moubata from the main pig-
producing area in the West and the southern parts of the South West and 
North West Provinces. This finding has an important implication for 
the design and application of the ASF control programme in Cameroon 
because it will be easier to implement such a programme in the absence 
of these vectors of ASF virus.
The control of ASF in the country is certainly possible, 
especially in the well managed pig farms. Some of the pig farms in the
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West Province and the Animal Research Station at Bamenda in the North 
West Province have succeeded in raising healthy ASF-free pigs for more 
than 3 years by implementing very strict zoo-sanitary measures coupled 
with double-fencing of the piggeries. The application of these 
successful measures which include the control of the movement of live 
pigs, pig meat and the people associated with pig farming could be 
achieved throughout the enzootic area with a greater commitment from 
the farmers and sufficient assistance from the Government. The farmers 
need to be educated about the disease and the various means of 
preventing introduction of the virus into their pig farms. Government 
incentives should be created to motivate them to report suspected cases 
on their farms and such incentives should include the formation of 
pig-farmer co-operatives for the sale of drugs, feed and piglets at 
subsidised Government rates payable only to registered members. In 
addition basic rates of compensation should be paid to farmers whose 
pigs die of confirmed cases of ASF. By these means a better control of 
the disease will be achieved since most cases of ASF will be reported 
and the affected farms dealt with in the most appropriate manner as 
determined by the veterinary authorities.
The total eradication of ASF from Cameroon, however, will be a 
very difficult task to accomplish because of the many problems involved 
in dealing with the free ranging local 'African' pigs which form about 
20% of the pig population. The infections contracted by these pigs 
quite often go unnoticed by the owners, who do not keep any records of 
them and at times some pigs die and the carcasses are never found. 
Nonetheless, the problem of the free-ranging local pigs must be 
resolved if the total eradication of ASF from the pig population in the 
country is to be achieved in future. The pigs must be confined and the
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measures described for the control of ASF in the well-managed pig farms 
must also be applied to these herds of 'African' pigs.
Sinde the greatest difficulty in the control of ASF in Cameroon 
has been the lack of information and early reports of outbreaks, it is
possible that ASF might have occurred in areas not covered in this
project and that recovered "carrier" pigs may be found in such areas. 
It is therefore very important to extend the serological survey for 
infected and recovered pigs in the other provinces not studied in this 
project, especially the Central and Littoral Provinces which are
adjacent to the known enzootic area and are the second largest area of 
pig production in the country.
In the absence of any effective vaccine and in view of the
devastating effects of the disease, the containment and control of ASF 
in Cameroon must rely on the rigorous application of the zoosanitary 
measures already described and the application of a slaughter policy 
and disinfection in infected farms. These measures have been applied 
with success in Kenya since 1964 and in South Africa the disease has 
been limited to the Transvaal since 1939 by applying the same measures, 
despite the presence of Ornithodoros moubata and warthogs in both these 
countries.
The broad scope of this thesis is a reflection of the lack of basic 
information which existed at the time the work was started. The results 
obtained from this study of the epizootiology of ASF in the three main 
pig-producing provinces of Cameroon can provide the basis of an 
effective control programme for this disease.
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APPENDIX 1.
Investigation of African swine fever (ASF) in pigs in the pig 
producing areas of Cameroon.
Conducted by Dr. Ekue Fabian, I.A.H., Pirbright Laboratory.
Owner's Name:..................................................
Address:......................................................
Herd Size:...............  Breeds: Exotic ( )
Exotic crosses ( )
Local ( )
Purpose: Commercial ( )
Family consumption ( )
Have you ever had mortalities amongst your pigs? Please, state YES or
NO  ______
If Yes, specify the number dead and the total number at the time. 
_______ out of____________
Date of first mortality on the farm. How long were they sick
for?__________ How long from the first death to the last death?_____
Were there any recovered animals? State YES or NO _____
Are there still some recovered animals in the present herd? State YES 
or NO _________
Are there some animals that never got the disease? State YES or NO __
Has there been any recent occurrence of the disease? State YES or 
NO _____
Does the Veterinary Dept, know about this disease problem on your farm? 
State YES or NO _________
How many animals died? _______ Date________
Residences of the workers: On the farm ( )
Away from the farm ( )
Do the workers keep pigs at their homes? State YES or NO ______
How far is the next pig farm from yours? _____________
How do you feed your animals?
Compounded feed from approved feedmills ( )
Left-overs from the houses and bins ( )
Animals fend for themselves ( )
Origin if your present stock of pigs:
Offspring of your old stock ( )
Bought as weaners from a Gov't farm ( )
Bought as weaners from another farmer ( )
How do you market your pigs?
Carry them to the market on market days ( )
The customers come and buy them from the farm ( )
Animals are taken to the big towns for sale to 
the supermarkets in your personal vehicle ( )
Signs observed in the sick pigs: Stopped feeding ( )
Shivering ( )
Pinkish coloration of the ear lobes, 
thighs and abdominal regions. ( )
Vomiting ( )
Diarrhoea ( )
Abortion in pregnant sows ( )
Loss of balance ( )
Refusal to walk ( )
Weakness & emaciation ( )
Others (Specify)______________
Have you observed any parasites on your pigs? State YES or NO 
If "YES", do they look like those on chickens? State YES or NO 
If "NO", then state approximate size and shape of the parasite seen on
your pigs._____________________________ _
Specify at what time they are more abundant. _______
Do you usually have pork from other sources for home consumption other 
than your farm? State YES or NO
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APPENDIX 2.
Stock solutions and buffers*
All solutions are made up with distilled water unless otherwise 
stated and all reagents are ANALAR* grade unless otherwise 
stated.
Hilli-Q water
This is very pure reagent grade water with low conductivity 
greater than 50 Megohms/cm (Millipore Corporation).
2.1 Isolation, cultivation and assay of viruses.
PBM growth medium: 2 x Earle's saline
Pig serum (Flow Laboratory)
(Heat-inactivated at 56°C). 
Penicillin/Streptomycin (P.S.)
HEPES buffer (Flow Laboratories)
Sterile distilled water 
Wash medium: PBS + 1X ox serum + IX P.S.
2.2 ELISA.
- Growth medium for antigen preparation: Eagle's medium + 5%  
foetal calf serum (or 10% ox serum) + 10% TPB + IX P.S.
- Antigen diluent: 0.5M Nacl + 50mM Tris pH 8.0 + 2mM EDTA.
- Protein A (PA) conjugated to horseradish peroxidase.
(Pharmarcia, Upsala, Sweden).
- Reference antisera (Cameroon negative control pool and positive 
control pool from Eastern Province, Zambia).
- Washing solution (PBS) - See below.
- Diluent for antisera and conjugate (Blocking buffer) - See below.
- Stopping solution (1M H2S04).
500ml
150ml
15ml
5ml
500ml
222
Carbonate/Bicarbonate buffer.
Na2C03 1.59gm
NaHC03 2.93gm
Distilled water to 1 litre. Store at 4°C. Check that the pH is 9.6 
before use.
Phosphate buffered saline (PBS).
NaCl 8.Og
KH2P04 0.2g
Na2HP04.12H20 2.9g
KC1 0.2g
pH 7.2. Store at 4°C.
Blocking buffer. (Diluent for conjugate, test and control sera).
PBS (pH 7.2) containing 0.5% Tween 20 and 1% Marvel* (Cadbury's 
low fat, dry skimmed milk). For long term storage keep at -20°C 
without adding Marvel and at 4°C while in use.
Substrate buffer.
Citric acid 5.llg 
Na2HP04 9.15g
Make up with distilled water to 1 litre.
Add 0.4g ortho-phenylenediamine (OPD). Dispense into 25ml 
aliquots and store at -20°C. Thaw just before use and add lOul of 
30% hydrogen peroxide (H202) per 25ml OPD solution. Store H202 at 4°C 
in the dark. Make sure the OPD solution is not coloured after thawing.
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2.3 Extraction of ASF virus DNA from infected pig red blood cells and
PBM cultures.
1. 5M NaCl
2. 5M NaOH
3. 0.5M EDTA
4. 3M Sodiura-acetate pH 6.0
5. 1M Tris/HCl pH 8.0
6. 10% sodium dodecyl sulphate (SDS; BDH).
7. 1% DNAse (lOmg/ml - Sigma).
8. 1M MgCl2.
9. 10% Tween 80 (Sigma).
10.Isopropanol (Sigma).
11.Chloroform (BDH).
12.1M Na-phosphate pH 6.8
1% Pronase (Protease Type XXV - Sigma)
Prepare a stock solution of 10 mg/ml in distilled water and 
predigest for 30 min at 37°C. Store at -20°C in aliquots of 1ml. 
Phenol (Water saturated, glass distilled grade; Rathburn 
Chemicals Ltd.). Remove aqueous supernatant and add
8-hydroxyquinoline (Sigma) to a final concentration of 0.1%. 
Extract with an equal volume of 1 M Tris/HCl (pH 8.0) and remove 
supernatant. Extract with equal volumes of 0.1 M Tris/HCl (pH 8.0) 
until pH of aqueous phase is >7.6.
Store in 100 mM NaCl, 1 mM EDTA, 10 mM Tris (pH 8.0).
5M NaCl 20 ml
0.5M EDTA (pH 8.0) 2 ml
1M Tris/HCl (pH 8.0) 10 ml
MilliQ water to 1 litre
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For DNA extractions use autoclaved, phenol-resistant plastic 
tubes - Eppendorf or polypropylene tubes (Sarstedt).
Sucrose buffer 1M NaCl, 10 mM EDTA, 10 mM Tris (pH 8.0)
5M NaCl 200 ml
0.5M EDTA (pH 8.0) 20 ml
1M Tris/HCl (pH 8.0) 10 ml
MilliQ water to 1 litre
Autoclave 
Sucrose solutions
25% solution: Dissolve 125gm sucrose in 400 ml 
sucrose buffer and make up to 500 ml with sucrose 
buffer.
50% solution: Dissolve 250gm sucrose in 400 ml 
sucrose buffer and make up to 500 ml with sucrose 
buffer.
TNE Buffer 100 mM NaCl, 10 mM EDTA, 10 mM Tris (pH 8.0)
5M NaCl 20 ml
0.5M EDTA (pH 8.0) 20 ml
1M Tris/HCl (pH 8.0) 10 ml
MilliQ water to 1 litre
Autoclave
TE Buffer 1 mM EDTA, 10 mM Tris (pH 8.0)
0.5M EDTA (pH 8.0) 2 ml
1M Tris/HCl (pH 8.0) 10 ml
MilliQ water to 1 litre
Autoclave
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2.4 Agarose gel electrophoresis of end-labelled DNA fragments.
1. 0.6% Agarose (Electrophoresis grade - 5510UB - BRL)
2. Marker DNA - Hind III digest of lamda DNA (720 ug/ml) (Biolabs 
New England)
3. Klenow enzyme (large fragment of DNA polymerase I from E coli 
- lU/ul - Boehringer Mannheim).
4. 32Pd ATP (10 uCi/ul; NEN Du PONT, U.K. Ltd.).
5. X-ray film (Fuji).
6. Restriction enzyme buffers (10X conc. - Boehringer Mannheim). 
TAE Buffer (50x cone) *40 mM Tris-acetate, 2mM EDTA (pH 8.0)
Tris base 242 gm
Acetic acid 57 ml
0.5M EDTA (pH 8.0) 200 ml 
Distilled water to 1 litre 
TBE Buffer (lOx conc) *89 mM Tris-borate, 2 mM EDTA (pH 8.0)
Tris base 108 gm
Boric acid 55 gm
0.5M EDTA (pH 8.0) 40 ml
Distilled water to 1 litre 
Core buffer (lOx conc) *50 mM Tris, 50 mM NaCl, 10 mM MgCl2
(BCL Medium salt buffer) (pH 8.0)
1M Tris 5 ml
5M NaCl 1 ml
1M MgCl2 100 ul
MilliQ water 3.9 ml Store at -20°C
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1% Ethidium bromide (10 mg/ml)
Ethidium bromide (Sigma) 200 mg
Distilled water 20 ml
Store at 4°C in light-proof bottle 
MUTAGEN - WEAR GLOVES 
Loading buffer (lOx cone)
Bromophenol blue (Sigma) 0.25 gm
Xylene cyanole (Sigma) 0.25 gm
Ficoll (400) (Sigma) 25 gm
Distilled water to 100 ml Store at room temp.
* = molarity of lx conc buffer
Solution 0 1.2 M Tris, 0.125 M MgCl2 (pH 8.0)
Tris base 14.53 gm
MgCl2.6H20 2.54 gm
MilliQ water to 100 ml Store at 4°C
Solution A
Solution 0 1 ml
B-mercaptoethanol 18 ul
0.1M dCTP (Sigma) 5 ul) in 3 mM Tris, 0.2 mM EDTA
0.1M dTTP (Sigma) 5 ul) pH 7.1
0.1M dGTP (Sigma) 5 ul)
20 x SSC 3M NaCl, 0.3M Sod.citrate (pH 7.0)
Sod. chloride 175.3 gm
tri-Sod. citrate 88.2 gm
5N NaOH to pH 7.0
Sterile dist. water to 1 litre
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2.5 Southern blot, preparation of radioactivelv labelled probes and
hybridisation of Southern filters.
1. Nylon hybridisation membrane- Hybond-N (Amersham).
2. 5M NaCl
3. 5M NaOH
4. 2M Tris/HCl pH 8.0
5. 20x SSC
6. 0.25M HC1
7. 6x SSC - 300ml of 20 x SSC per litre distilled water.
8. 32PdATP (NEN, DU PONT, U.K. LTD.).
9. 10% SDS
10. 0.5M EDTA pH 8.0
11. 2M Tris/Hcl pH 7.5
12. Bovine serum albumin (BSA) Fraction V (lOmg/ml-Amour Pharm. Ltd).
13. Klenov enzyme (5Units/ul - Boehringer Mannheim).
Denaturing solution: 1.5M NaCl, 0.5M NaOH
5M NaCl 300 ml
5M NaOH 100 ml
Distilled water to 1 litre. Store at room temp. Re-use. 
Neutralising solution: 1M Tris/HCl (pH 8.0), 1.5M NaCl 
5M NaCl 300 ml
2M Tris/HCl 500 ml
Distilled water to 1 litre. Store at room temp.
Denatured salmon sperm DNA (10 mg/ml)
Add 250 mg salmon sperm DNA (Calbiochem) to 25 ml distilled water 
and stand at room temperature for 1 - 2  hrs. Sonicate with probe to 
dissolve DNA and shear into small fragments.
Boil for 10 mins, dispense in 1 ml aliquots and store at -20°C.
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Denhardt's solution (50x)
Ficoll (Sigma) 5 gm
Polyvinylpyrrolidone (Sigma) 5 gm
BSA (Fraction V) 5 gm
MilliQ water to 500 ml Store aliquots at -20°C
Prehybridization solution (100 ug/ml denatured salmon sperm DNA in 6x 
SSC, 0.5% SDS, 5x Denhardt's solution).
20x SSC (3:10) 30ml
Denhardt's soln (x50) (1:10) 10 ml
Denatured DNA (10 mg/ml)(1:100) 1 ml
MilliQ water to 95 ml
10% SDS (1:20) 5 ml Store at 4°C
Hybridization solution 32P-labelled denatured DNA probe and 100 
ug/ml denatured salmon sperm DNA in 6x SSC,0.5% SDS, 5x 
Denhardt's solution, 0.01 M EDTA.
Add 0.5M EDTA (1:50) to pre-hybridization solution.
Add 32P-labelled denatured DNA probe just before membrane is 
sealed in a polythene bag.
OLB (Oligo-labelling buffer)
Solution A: As for end-labelling restriction enzyme fragments. 
Solution B: 2M HEPES (476 g.p.l), titrated to pH 6.6 with 
4M NaOH. Autoclave and store at 4°C.
Solution C: Hexadeoxyribonucleotides evenly suspended (this does not 
completely dissolve) in water at 90 0D units/ml. Store at -20°C.
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OLB buffer: Mix solutions A, B and C in the following ratios:
Solution A - 100 
Solution B - 250 
Solution C - 150 
Store at -20°C
Repeated freezing and thawing over a period of 3 months does not 
adversely affect OLB.
2.6 Eluting labelled probes from Southern filters.
Neutralising buffer 0.2 M Tris/HCl (pH 7.5), O.lxSSC, 0.1% SDS
20x SSC 2.5 ml
10% SDS 5 ml
2 M Tris/HCl (pH7.5) 50 ml
Distilled water to 500 ml
2.7 Determination of terminal fragment of ASF virus DNA.
1. 70% ethanol
2. Isopropanol
3. 2M Sodium-acetate
4. SI nuclease (Amersham).
5. Phenol/Choroform
6. 4M ammonium-acetate
7. 1M EDTA pH 8.0
8. Klenow fragment of DNA polymerase (lU/ul - Boehringer 
Mannheim).
9. 0.6% agarose (Electrophoresis grade - 5510UB - BRL).
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SI buffer (lOx cone). 2.8 M NaCl, 0.45 M ZnS04, 0.5 M Na-Acetate
(pH 4.6)
Sodium chloride 16.36 gm
2M sodium acetate (pH 4.6) 25 ml
Zinc sulphate 7.26 gm
Distilled water to 100 ml
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THE 1982 AFRICAN SWINE FEVER EPIZOOTIC IN CAME­
ROON
F.N. EKUE* and TANYA V.N **.
Abstract
In June 1982, an outbreak of African Swine Fever (ASF) occurred for the first time in 
Cameroon. The disease spread very rapidly and by August 1982 ASF was reported in all the major pig 
producing areas, mostly found in the Western Provinces of the country. The mortality rate was very 
high and almost 80% of the pig population was lost. The disease was diagnosed by the ASF Diagnostic 
Laboratory in Madrid, Spain. The measures taken by the Ministry of Livestock, Fisheries and Animal 
Industries (MINEPIA) to prevent the spread of the disease included a ban on the movement of pigs 
and pig products and disinfection of infected farms but these were unsuccessful. A slaughter policy was 
considered to be too expensive to carry out. In September 1982, an investigation of the epizootic was 
undertaken to assess the extent of the spread of the disease and the present status of the pig industry. 
The virus was once more isolated from samples collected from surviving and dead pigs during the 
investigation and antibodies to ASF virus were detected in sera collected from eight pigs from Batibo, 
Bafoussam and Melong in the North West, Western and Littoral Provinces respectively.
Resume
En juin 1982, la peste porcine africaine fit sa prem iere apparition au Cameroun. La maladie se 
developpa rapidement et, en aout 1982, elle etait signalee dans toutes les regions a fo r te  production  
porcine, localisees surtout dans les provinces occidentales dtt pays. Le pourcentage de mortalite etait 
eleve et p r is  de 80 % de la population porcine perit. La maladie fu t diagnostiquee par le Laboratoire  
diagnostic de la peste porcine africaine de M adrid (Espagne). Les mesures prises par le ministere de 
VElevage, des Peches et des Industries animales (MI NEPI A) pour controler le developpem ent de la 
maladie comprenaient I'interdiction de tout m ouvem ent des pores et produits porcins, ainsi que la 
disinfection des ferm es afffectees mais elles se sont averees sans succes. Une politique d'abattage 
systematique etait consideree com m e une mesure Iris onereuse dans sa mise en pratique. En septem bre 
1982, une enquete sur I'epizootie fu t entreprise pou r determiner le degre de developpem ent de la maladie 
et le statut present de I'industrie porcine. Le virus fu t une fo is  de plus isole a partir d'ichantillons preleves 
sur les pores survivants et ceux morts durant I'enquete, et des anticorps au virus de la peste porcine 
africaine furent detectes dans du serum preleve sur huit pores de Batibo, Bafoussam et Melong 
respectivement dans les provinces du Nord-Ouest, de I'Ouest et du Littoral.
INTRODUCTION
African swine fever (ASF) is a highly contagious virus disease affecting all breeds and 
ages of domestic pigs. Other species of domestic animals are not affected. Acute disease is 
characterised by high fever, anorexia and incoordination and may frequently be 
indistinguishable from hog cholera, although the two viruses are distinct. There is no 
effective method of protecting pigs against ASF and the measures used to prevent access of 
virus to susceptible pigs vary according to the status of the country with respect to the 
presence or absence of virus or disease.
The virus of ASF produces an inapparent infection in warthogs in Africa and a species 
of soft tick (Ornithodoros moubata) has been shown to act as a vector (Plowright et al, 
1969), although the disease can readily be transmitted in the absence of a vector, by infected 
pigs or their products. This has been confirmed through studies on the pathogenesis of ASF 
following oral (Colgrove et al., 1969) or intranasal (Heuschele, 1967; Plowright et al., 1968) 
inoculation of virus or by contact infection (Greig, 1972) in which the upper respiratory tract 
was shown to be the most common route of primary infection. In some pigs, however, 
primary infection occurred through the lower respiratory tract. Airbone transmission of the 
virus is also known to occur (Wilkinson et al., 1977).
The virus produced a severe disease with a high mortality rate in domestic pigs 
introduced into Africa by settlers at the beginning of the century (Montgomery, 1921). Until 
1957 the disease was restricted in the African continent; in that year it spread to Portugal 
and was apparently eradicated (Manso Ribeiro et al., 1958). However, it recurred in 
Portugal in 1960 and spread to Spain and has persisted as an enzootic infection in the Iberian 
Peninsula. Three outbreaks were reported in France between 1964 and 1974 and a severe 
outbreak in Italy in 1967, with a recurrence in 1969; all being eradicated. An outbreak in
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Cuba in 1971 was similarly controlled and the disease eradicated by the slaughter of over 
400,000 pigs. In 1978, the disease suddenly spread to Malta and Sardinia in the 
Mediterranean and across the Atlantic to the Dominican Republic and Haiti in the 
Caribbean and Brazil in South America. The eradication of ASF in Malta was by a slaughter 
policy (Wilkinson et al., 1980) in which, for the first time, a country had to slaughter all 
members of a species of domestic animal in order to eliminate a disease. The last outbreak 
of ASF was reported in 1983 in Italy on a farm near Turin, and was eradicated by a rapid 
slaughter policy. Outbreaks have also been reported in Sao Tome and Principe and the 
Congo, but none yet from Nigeria.
Pig Industry in Cameroon
Up to date information on the numbers of pigs and pig owners in Cameroon is only 
partly available since not all the farms are registered and the local breeds which form about 
20% of the pig population are owned by villagers who have no records on them. However, 
the pig population could be estimated at 1,475,000 before the outbreak (Anon, 1981).
The pig industry in Cameroon, before the outbreak of ASF, provided all the domestic 
requirements of fresh pork but not bacon. At present there is no Government abattoir for 
the slaughtering and processing of pigs for human consumption and pig meat has been 
marketed by private concerns. However, there are plans to construct a modern abattoir in 
Bafoussam, the headquarters of the Western Province (Anon, 1981).
More than 50% of the pigs are raised under modern management systems in well 
constructed and efficiently run pig farms, the remaining few appear to be mostly the local 
breeds that are seen roaming freely in many villages and fending for themselves.
The commercial herds consist of the exotic breeds, Berkshire, Landrace, Large White, 
Duroc and their crosses. The Institute of Animal Research, Mankon station and the 
MINEPIA animal farm at Kounden have been the mainstay of the pig industry through the 
supply of young, healthy piglets to farmers. The commercial herds intended for profit are 
mostly fed compounded pig feeds from Government approved feedmills, but some farmers 
are known to feed their animals with swill collected from hotels and restaurants and 
sometimes uncooked garbage, as a consequence of feed shortage or financial difficulties.
Generally, most of the pigs from all parts of the country are taken to Douala and 
Yaounde for sale, where they are slaughtered and the pork sold in the supermarkets.
HISTORY OF THE EPIZOOTIC
In June 1982, African swine fever was suspected by the Veterinary Services in Douala 
after visiting a farm and examining some dead pigs in the Mungo Division of the Littoral 
Province. Samples were collected and sent to the ASF Diagnostic Laboratory in Madrid, 
Spain, for diagnosis. ASF virus was isolated and the Ministry of Livestock, Fisheries and 
Animal Industries (MINEPIA) was i) was informed of the diagnosis.
No previous outbreaks of ASF have been reported in Cameroon. It has not been 
possible to establish with certainty how the disease entered the country as there were no 
precise details available although several opinions have been given. However, it seems 
likely that the virus could have entered the country through the seaport or the airport, and 
Douala happens to have the major seaport and an international airport in the country. It is 
known that ASF virus is well established in three species of wild swine and at least one 
species of soft tick, but it is quite unlikely that direct contact with these natural reservoirs 
could account for the appearance of the disease in .the Littoral Province where it was first 
reported.
Control measures to stop the spread of the disease were undertaken, consisting of a 
ban on the movement of pigs and pig products and disinfection of infected farms without a 
slaughter policy as this would have been a heavy financial commitment,^mt the disease tyad 
caused devastating effects before the control measures were initiated. Many farms in.the 
Moungo Division had become affected including' some in the neighbouring South West
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Province in the towns of Tiko, Buea, Limbe and Kumba. The outbreaks mainly occurred 
along the roads spreading north from Douala into the major pig producing areas of the 
country.
Because of its remarkable stability in blood, urine and faeces (Montgomery, 1921; 
Geiger, 1937; Plowright and Parker, 1967), the mechanical spread of ASF virus by people, 
vehicles, farm produce containers, and movement of pigs and pig products, is highly 
suspected, especially as the big swine customers in Douala and Yaounde buy pigs for 
slaughter and sell to the super-markets from farmers all over the country. This common 
market, combined with the unsuccessful attempt to control the disease by MINEPIA, 
resulted in the rapid spread of the disease once it became established. The problem of 
controlling the infection was aggravated by those farmers who continued with clandestine 
movement and sale of sick pigs.
By the end of June 1982, the epizootic had spread into the major pig producing region 
of the country, the Western Province, appearing first in the Menoua Division around 
Dschang. The disease spread quite rapidly, affecting the rest of the Divisions in the province 
between June and August. It was only possible to make some estimate of the losses in the 
Western Province because most of the farms are registered and farmers reported their losses 
to the Government authorities (Table 1). However, not all the losses were recorded even in 
this province. Most of the North West Province remained unaffected except for Batibo in 
Momo Division, where losses were recorded in September 1982. The Batibo people trade 
with Dschang in the Western Province through Pinyin and this was the likely route of entry 
of the disease into Batibo.
A  total loss of 46,172 pigs was recorded in the Western Province during the epizootic 
out of a population of 529,019 pigs, and this figure represents only those mortalities 
reported to the Government Authorities. The losses must have been very much higher as 
virtually all the farfns in the province were depopulated as a result of the disease at the time 
the investigation was carried out.
CLINICAL DISEASE AND LESIONS
By the time this investigation was carried out in September most of the farms were 
completely depopulated. From interviews with the farmers and observations made in the 
few herds that were still infected it was clear that the most consistent clinical signs were loss 
of apetite, reluctance to move and fever in those pigs whose rectal temperatures were taken. 
Pigs forced to get up showed varying degrees of inco-ordination, probably related to the 
severity of the fever and duration of anorexia.
The purple discolouration of the skin of the ears, flanks and belly described in other 
outbreaks of ASF (Hess, 1971) as observed in some of the cases. Nasal and ocular 
discharges, vomiting and coughing were also reported and observed in some of the sick pigs. 
Abortion in pregnant sows was another common finding.
On post mortem examination the macroscopic lesions varied considerably both in 
severity and extent. There was no opportunity to examine many carcases as most of the 
farms were already depopulated. The lymph nodes showed some haemorrhages which 
varied in severity and distribution. Splenomegaly was a feature and a few spleens were 
haetnorrhagic. Ornithodoros ticks were not found during the investigation, but a more 
detailed survey will be necessary to confirm their absence.
LABORATORY DIAGNOSIS
Laboratory facilities for the diagnosis of ASF do not yet exist in the country, hence 
spleen and lymph node tissues collected during the investigation were sent to the Plum 
Island Animal Disease Center (P.I.A .D .C .), Greenport, New York, and the Diagnostic 
Laboratory in Madrid, Spain, for isolation of the virus. Serum samples collected from 10 
pigs during the investigation in the Bafoussam area, Batibo and Melong were all positive for 
antibody to ASF virus by the immunoelectro-asmophoresis (IEOP) method (Table 2) (Pan 
et al, 1971).
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DISCUSSION
The swine industry in Cameroon has suffered a serious setback from which there is no 
easy means of recovery. It would have been a very expensive venture for the Government to 
have implemented a slaughter policy involving depopulation of all infected farms in the 
country, salvage and compensation like that in Malta in 1978 (Wilkinson et al., 1980) and the 
Dominican Republic during the ASF outbreak, there. Although the measures taken to 
control the disease by MINEPIA did not succeed, the disease must at least be eradicated 
from those provinces where swine-raising is most intense. Since pigs that survive acute 
infection may remain as healthy or chronically affected virus carriers it is essential that all 
pigs which have survived the outbreak should be slaughtered. Epidemiological evidence in 
Spain shows that carriers also play an important role in the maintenance and spread of the 
virus, (Anon, 1977).
One of the most difficult problems in this situation is that posed by free-ranging local 
pigs. They must be confined and consumed or destroyed as early as possible. The presence 
or absence of soft ticks has to be confirmed by a thorough survey. Finally, all swine breeders 
in the country must register their farms. This will help a great deal in future epidemiological 
studies on ASF and other important pig diseases in the country.
African swine fever has been the most devastating disease of pigs in Cameroon. It 
seems reasonable to estimate that perhaps 80% of the country’s swine population has been 
eliminated by the disease. For the industry to have a feature once more, there must be at 
least an area eradication scheme carried out in the major pig producing provinces of the 
country, which were also the most severely affected/To achieve this goal, a serological 
survey of antibody to ASF virus in all the surviving pigs in the country, starting in those 
major pig producing areas and also eliminating positive reactors, is very important.
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Summary
African swine fever (ASF) was produced in eight pigs by exposure to donors 
infected with the Cameroon/82 isolate o f African swine fever virus. The 
primary clinical sign was pyrexia of more than 40° C first observed 10 to 13 
days post-exposure (dpe) in all pigs; other clinical signs were rarely observed.
The most frequent post-mortem lesion was haemorrhage in the visceral lymph 
nodes. Other lesions included excess fluid in the abdominal cavity and 
petechial haemorrhages in the kidneys. Viraemia was first observed 1 to 2 days 
before the onset of pyrexia and maximal titres of more than 107'5 H AD50 per 
ml occurred 11 to 14 dpe. Virus excretion by the pharyngeal route was 
observed at 2 to 4 days before the onset of pyrexia and continued throughout 
the course of the infection. Susceptible pigs, mixed directly with infected ones, 
contracted infection within 2 h; transmission time increased to 2 to 6 h when 
recipient pigs were separated by wire mesh from the infected pigs. The 
comparatively low mortality, ill-defined clinical signs and clinical recovery of 
many of the infected pigs show that the Cam/82 ASF virus is of relatively low 
virulence and thereby resembles recent European, South American and 
Caribbean isolates.
Introduction
African swine fever (ASF) was first described in K enya in 1921 by M ontgo­
mery and, since then, the disease has been reported in almost all the African 
countries lying on or south o f the equator (Anon, 1962; Neitz, 1963). Since 
1960, the largest number o f outbreaks o f ASF have been reported in Angola 
and M ozambique (Sanchez Botija, 1982) and, to a lesser extent, in Malawi 
(Matson, 1960; Cox and Hess, 1962; Haresnape, 1984) and South Africa (Pini, 
1978; Thomson, Huismans and Gainaru, 1981; Thomson, Gainaru, Lewis, 
Biggs, Nevill, van der Pypekamp, Gerber, Esterhuysen, Bengis, Bezuidenhout 
and Condy, 1983).
African swine fever occurred for the first time in Cameroon in June 1982 
(Ekue and Tanya, 1986), spread very rapidly and within 2 months became 
established in all the major pig producing areas o f the country (i.e. N . W., 
Littoral, S.W. and West Provinces). T he mortality rate was very high and 
more than 80 per cent o f the pig population was lost. The disease has now  
become endemic and causes continual losses on restocked farms within the
§Please address correspondence to: Dr P. J. Wilkinson at the address given.
0021-9975/89/020145+ 10 S03.00/0 ©  1989 Academic Press Limited
146 N. F. Ekue e t  al.
endemic area. This study was intended to investigate the pathogenesis o f the 
Cameroon 1982 isolate o f the virus in domestic pigs in order to compare it with 
other ASF virus isolates.
Materials and Methods
Virus
The first pig passage of the Cam/82 isolate was obtained as a lyophilized preparation 
from Plum Island Animal Disease Centre (PIADC) Greenport, New York. Virus 
originated from the spleen of a pig exhumed 2 days after burial in October 1982 at 
Guzang in the N. W. Province of Cameroon and was passaged once in a domestic pig 
(Hess, pers. comm.). The lyophilized virus was prepared from a 20 per cent (w/v) 
suspension of infected pig spleen in phosphate-buffered saline (PBS) containing 1 per 
cent ox serum and had a titre of 108 50 per cent haemadsorbing doses (HAD50) per g. 
The freeze-dried virus was resuspended in PBS containing 1 per cent ox serum, 
passaged once in primary cultures o f pig bone marrow cells (PBM) and stored at 
-  70°C.
Infection o f  pigs
Cross-bred Large White/Landrace pigs of 20 to 30 kg live weight were used. 
Experiment 1. Two donor pigs were inoculated intramuscularly with 108 HAD50 of virus 
and rectal temperatures recorded daily. Eight uninfected pigs were in contact with the 
infected ones from the first day of infection and their rectal temperatures were also 
recorded daily (Group 1).
Experiment 2. To determine the duration of exposure necessary to establish infection, six 
recipient pigs were housed with two donor infected pigs (Group 2). After periods of 2, 
6 and 24 h, two recipient pigs were removed and left in separate rooms and daily rectal 
temperatures recorded. On the first day of pyrexia, a blood sample was taken to 
confirm viraemia by assay in PBM cultures.
Experiment 3. A third experiment was carried out in which the two donor and seven 
recipient pigs (Group 3) were separated by a barrier of wire mesh to prevent infection 
through blood shed from donor animals as a result o f fighting.
Collection o f  samples
Blood was collected from the anterior vena cava of the infected pigs from the first day 
post-infection (dpi) into EDTA at a final concentration o f 0-5 per cent as 
anticoagulant. Cotton wool buds were used for the daily collection of pharyngeal, 
nasal, preputial or vaginal and rectal swabs which were placed in 3 ml of transport 
medium (Earle’s saline containing 10 per cent pig serum and 3 per cent antibiotics) 
shaken vigorously for 30 min and the medium stored at — 70°C until assayed.
Post-mortem examinations were carried out on all pigs that died or were killed 
during the course of the infection and samples of the medial retropharyngeal, 
bronchial and gastrohepatic lymph nodes and liver, lung, spleen, kidney and tonsil 
were collected. Tissues were prepared for virus assay as described by Wilkinson, 
Donaldson, Greig and Bruce (1977) and stored at — 70°C.
Pig bone marrow (P B M I  cultures and infectious virus assay
The preparation of pig bone marrow cultures and the procedure for virus assay o f  
tissues were described by Wilkinson et al. (1977). The presence of virus in the cultures 
was determined by observing haemadsorption (Malmquist and Hay, 1960) and the 
titres were expressed as logI0 HADS0 per ml of blood or per gm of tissue.
\
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Results
C lin ical signs
E xperim ent 1. All ten pigs in group 1 became infected and the primary clinical 
sign was a fever o f more than 40°C, first observed 10 to 13 days (mean 10*8 
days) after exposure in the eight recipient pigs and 3 days after infection in the 
two donor infected pigs. An increase in rectal temperature always occurred, 
but other clinical signs were rarely observed. The animals maintained their 
appetite throughout the course o f the infection without much loss o f condition. 
Tw o pigs developed purple discolouration o f the skin behind the ear and 
diarrhoea was observed in two others. The two donors and one recipient pig 
died 6 and 21 days after infection, respectively.
Viraem ia and virus excretion
The titres o f virus in the blood and on the swabs collected from five o f the 
recipient pigs in group 1 are shown in Fig. 1. Virus was first detected in the 
blood 10 to 13 days (mean 10-6 days) after exposure and titres ranged from 
105'1 to 1071 H A D 50 per ml o f blood. High titres o f virus (106-3 to 107'1 H A D 50 
per ml) were present in all five pigs at the onset o f pyrexia, reaching their 
maximum 12 to 14 days after exposure (i.e. 2 to 4 days after the onset o f  
pyrexia). The titres in the tissues collected on different days after exposure are 
shown in Table 1. The highest titres (106'8 H A D 50 per g) were observed in the 
spleen and lung, with lower titres observed in the tonsil and lymph nodes. Virus 
excretion was first detected via the pharyngeal route between 2 and 4 days 
before the onset o f pyrexia, with titres ranging from 10° ° to 105-° H A D 50 per 
swab (mean 103 H A D 50 per swab), while excretion via the preputial or vaginal 
route showed the lowest titres (Fig. 1).
Transm ission o f  virus
E xperim ent 2 . Susceptible animals (group 2) kept in direct contact with infected  
ones for 2 h, which was the shortest exposure period tested, developed viraemia 
6 days after exposure, ranging from 107'2 to 108’2 (mean 107'8) H A D 50 per ml at 
the onset o f pyrexia.
Experim ent 3 . Susceptible animals separated by a barrier o f wire mesh from  
infected pigs (group 3) became infected if  left for 6 h but not if  left for only 
2 h. The pigs exposed to infected donors for 2 h never developed a fever nor did 
they ever become viraemic, but those that were kept in contact with infected  
donors for 6 and 24 h had a pyrexia 2 to 4 days after exposure, with viraemia 
titres ranging from 108° to 108'5 (mean 108’2) H A D 50 per ml.
Post-m ortem  lesions
A summary of the distribution of lesions in eight contact pigs that died or were 
killed during the course o f the infection is shown in Table 2. The abdominal
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Fig. 1. Virus excretion by pigs infected with the Cameroon/82 isolate of ASF virus. •, Infectious virus titre 
(log10 HADj0) per swab. The lower solid line in each panel represents the daily mean infectious virus 
titre per swab. The upper solid line in the top panels represents the daily mean infectious virus titre 
per ml of blood.
cavity o f the two donors and one recipient pig which died contained excess 
blood-stained fluid. The liver and spleen appeared normal in all the pigs and 
no haemorrhages were observed on the surface o f the intestines. Petechial 
haemorrhages, which varied in size and number, were observed in the cortex o f  
the kidneys in five pigs. One pig had petechial haemorrhages on the heart, 
while hydropericardium and areas o f consolidation in the lungs were observed 
in two others. The most frequently encountered lesions in all the pigs were 
haemorrhages in the lymph nodes, which varied in severity and extent in 
individual animals (Table 3). The visceral lymph nodes were the most 
haemorrhagic, with the gastro-hepatic nodes being the most consistently and 
severely affected (Table 3).
Discussion
The clinical signs and mortality rate in pigs infected with the Cameroon isolate 
of ASF virus described in this study were different from those observed during
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the 1982 epizootic in Cameroon in which a mortality rate o f more than 80 per 
cent was recorded (Ekue and Tanya, 1986). In addition, the pathogenesis o f  
this isolate in experimentally infected pigs was very different from that 
described for most other African isolates which usually have a short incubation  
period, severe clinical signs and lesions and a high mortality rate (M ontgo­
mery, 1921; Maurer, Griesemer and Jones, 1958; M oulton and Coggins, 1968). 
However, a difference in mortality rates between experimentally infected pigs 
and those in epizootics has also been observed by other workers who used 
different isolates including ones from Malta (Wilkinson, Lawman and John­
ston, 1980), Brazil and the Dominican Republic (Mebus, Dardiri, Hamdv, 
Ferris, Hess and Callis, 1978; Reichard 1978). Haemorrhagic lymph nodes 
seemed to be the only lesions encountered both in .pigs infected with the 
Cam/82 virus and those infected with other African isolates.
The virus titres in the blood and tissues o f these pigs were similar to those 
reported for animals infected with the African isolate Tengani/62 (Plowright, 
Parker and Staple, 1968) and the M alta/78 isolate (Wilkinson, W ardley and 
Williams, 1981), except that the highest titres were observed 3 to 7 days (mean 
4-6 days) after pyrexia compared with 4 days after infection observed in pigs 
infected with the Tengani/62 and M alta/78 isolates. Virus was detected in 
pharyngeal swabs as early as 2 to 4 days before the onset o f pyrexia, but 
M cVicar (1983) detected virus via the pharyngeal route only after fever. From  
the third day o f pyrexia, virus was excreted by all the routes investigated with  
titres o f up to 10D'2 H A D 50 per swab being recorded. Excretion through nasal, 
preputial or vaginal and rectal routes was intermittent and titres were lower 
than by the pharyngeal route. Greig and Plowright (1970) recorded similar 
results on the excretion o f two virulent strains o f African virus by domestic 
pigs.
The minimal exposure period necessary to establish infection by transmis­
sion was 2 to 6 h. Infection occurred after mixing recipient pigs with the donor 
pigs for only 2 h, but the transmission time increased to between 2 and 6 h 
when the donor and recipient pigs were separated by wire mesh. The shorter 
exposure time o f 2 h in experiment two may be due to a higher degree o f  
contamination o f the environment by droplets and infected blood from donor 
pigs as a result o f  fighting with recipient pigs. Previous work by Greig (1972) 
and Wilkinson et al. (1977) used contact times o f 24 h, but this study shows that 
transmission occurs even with very much shorter contact times, highlighting  
the possible danger of virus spread in the market situation where healthy and 
infected pigs might be mixed for short periods o f time. In some local pig  
markets in Cameroon during the epizootic in 1982, apparently recovered 
animals were mixed with healthy ones for sale. Unsold healthy pigs that were 
taken back to their farms at the end of the day had often become infected and 
then served as foci o f new outbreaks on their respective farms.
The comparatively low mortality rate, ill-defined clinical signs, moderate 
lesions and clinical recovery o f many of the infected pigs show that the Cam/82 
isolate is o f relatively low virulence and resembles recent European, South  
American and Caribbean isolates. These results are similar to those o f M ebus et 
al. (1978) and Mebus and Dardiri (1979) regarding the clinical signs and gross
C am eroon  Iso la te  o f  ASF v iru s 153
lesions produced by the low -virulent isolates from Brazil and the D om inican  
R epublic in dom estic pigs, in contrast w ith those produced after infection with  
the highly virulent 1960 isolate from Lisbon, Portugal. Furtherm ore, from the 
work o f  W esley and T uthill (1984) on the genom e relatedness am ong African  
swine fever virus field isolates by restriction endonuclease analysis, the C am er­
oon isolate has been grouped with the Lisbon 1960, M adrid 1975, D om inican  
R epublic and H aiti isolates, w ith the C am eroon, D om inican R epublic and  
H aiti viruses form ing a sub-group within this group. T he relative stability o f  
the A SF virus genom e m ay suggest a com m on source o f  infection for the 
Caribbean and Cam eroon outbreaks. H ow ever, the origin o f  the isolate  
responsible for the 1982 epizootic in C am eroon and how  it gained  entry into  
the country are still open to speculation.
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